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INTRODUCTION  
This chapter summarizes the physical, biological, social and economic environments of the project area 

(from now on referred to as the analysis area) and the effects of implementing each alternative on that 

environment. It also presents the scientific and analytical basis for the comparison of alternatives 

presented in the alternatives chapter. 

 

Chapter 3 describes the environment (including its human elements) in and around the analysis area and 

discusses the environmental consequences by resource that may result from implementation of each of the 

alternatives. It provides the scientific and analytic basis for the comparison of alternatives presented in 

Chapter 2. Maps referred to in the analysis are located at the end of this document. 

 

The Council on Environmental Quality Regulations (CEQ) recognizes three types of effects: 

 Direct Effects are caused by an action and occur at the same time and place. 

 Indirect Effects are caused by an action but occur later in time or farther removed in distance. 

 Cumulative Effects result from the incremental impact of an action when added to other past, 

present, and reasonably foreseeable future actions, regardless of what agency or person undertakes the 

other actions (40 CFR 1508.7 and .8). Since the results of past actions are already included in the 

affected environment, the cumulative effects analysis builds upon this existing condition assessment 

by considering the incremental addition of direct and indirect effects of the proposed action as well as 

ongoing and reasonably foreseeable actions. 

  

PAST, PRESENT AND REASONABLY FORESEEABLE ACTIONS  
Analysis of cumulative effects presented in this chapter considered past, present, proposed and reasonably 

foreseeable activities that could affect the issues pertinent to this analysis. Activities on public and private 

lands have been considered. 

 

Reasonably foreseeable actions include those management activities that are on-going or scheduled to 

occur within the next five to ten years and for which a proposed action has been developed. These 

activities may occur regardless of which alternative is selected for implementation.  

  

The environmental analysis required under NEPA is forward-looking, in that it focuses on the potential 

impacts of the proposed action. Past and present activities and natural events have contributed to creating 

the existing condition and trends across the Kootenai National Forest (KNF). In order to understand the 

contribution of past actions to the cumulative effects of the proposed action and alternatives, this analysis 

relies to a large extent on an examination of the current environmental conditions in order to highlight the 

impacts of past actions. This method is useful because existing conditions reflect the aggregate impact of 

all prior human actions and natural events that have affected the environment and might contribute to 

cumulative effects. Additionally, some of these activities, as well as reasonably foreseeable activities, 

may continue to produce environmental effects that overlap in time and space with issues or resources 

relevant to the proposal. Therefore, past, present and reasonably foreseeable activities have been 

considered in the cumulative effects analysis for each resource area relative to potential future effects of 

the proposal.  

 

The cumulative effects analysis in this Draft Environmental Impact Statement (DEIS) is consistent with 

regulations at 36 CFR 220.4(f) (July 24, 2008) in accordance with the CEQ Memorandum, Guidance on 

the Consideration of Past Actions in Cumulative Effects Analysis, which state, in part:  
 

ñThe analysis of cumulative effects begins with consideration of direct and indirect effects 

éagencies then look for present effects of past actions that are, in the judgment of the agency, 

relevant and useful because they have a significant cause-and-effect relationship with the direct 

and indirect effects of the proposal for agency action and its alternatives. CEQ regulations do 

not require the consideration of the individual effects of all past actions to determine the present 
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effects of past actions. Once the agency has identified those present effects of past actions that 

warrant consideration, the agency assesses the extent that the effects of the proposal for agency 

action or its alternatives will add to, modify, or mitigate those effects. The final analysis 

documents an agency assessment of the cumulative effects of the actions considered (including 

past, present, and reasonable foreseeable future actions) on the affected environment. With 

respect to past actions, during the scoping process and subsequent preparation of the analysis, 

the agency must determine what information regarding past actions is useful and relevant to the 

required analysis of cumulative effects. Cataloging past actions and specific information about 

the direct and indirect effects of their design and implementation could in some contexts be 

useful to predict the cumulative effects of the proposal. The CEQ regulations, however, do not 

require agencies to catalogue or exhaustively list and analyze all individual past actions. Simply 

because information about past actions may be available or obtained with reasonable effort 

does not mean that it is relevant and necessary to inform decision making. (40 CFR 1508.7)ò 

 

During the scoping process and subsequent analysis of this project, the Forest Service (FS) determined 

that the following activities, decisions, information and environmental documents are applicable to all or 

portions of the National Forest Service (NFS) lands included in the analysis area for this DEIS. As 

appropriate, they were considered during the cumulative effects analyses discussed in this chapter. This 

section also lists known past activities identified by resource specialists as being pertinent to an analysis 

of cumulative effects for the East Reservoir project. There are marked differences between past and 

current land management practices and policies. The evolution that has occurred in land management 

practices is the result of science, our ongoing monitoring actions, and changing public values. 

 

A cumulative effects map showing considered activities is included in the project file.  

 

The following discussion identifies those past, present, and foreseeable actions that have occurred within 

the East Reservoir analysis area. Data on private lands within the subunit has a moderate level of 

accuracy, and is the best available information obtained from those landowners and field verified 

information. 

 

Land Ownership:  Total acres and percent of total land in the Cripple Planning Subunit by landowner 

are displayed in Table 3.0. 
 

Table 3.0 - Acres by Land Owner and Percent of Total Land in Analysis Area 
 

LAND OWNER  TOTAL ACRES  % OF TOTAL LAND  

USDA Forest Service 78,546 85.0 

Plum Creek Timber Company 7,672 8.3 

Montana Department of State Lands 4,032 4.4 

Other Private 1,355 1.4 

US Army Corps of Engineers 802 0.9 

 Total Acres 92,407 100 
 

Past Harvest: Table 3.1 displays harvest history in the East Reservoir analysis area by landowner, by 

decade and by acres of harvest type. 
 

Table 3.1 - Harvest History of the Cripple Planning Subunit 

 

LAND OWNER  YEAR 
TYPE of HARVEST (acres) 

TOTAL  
INTERMEDIATE  LIBERATION  REGENERATION  

Forest Service 1960-1969 1,418 46 2,542 4,006 

 1970-1979 2,698 372 1,873 4,943 

 1980-1989 1,014 704 8,486 10,204 

 1990-1999 78 6,773 4,080 10,931 
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LAND OWNER  YEAR 
TYPE of HARVEST (acres) 

TOTAL  
INTERMEDIATE  LIBERATION  REGENERATION  

 2000-2009 0 1,639 412 2,051 

 2010-2019 0 0 2,932 2,932 

Plum Creek Timber Company 1950-1959 20 0 0 20 

 1960-1969 18 105 0 123 

 1970-1979 355 38 64 457 

 1980-1989 1,293 33 1,127 2,453 

 1990-1999 1,384 121 684 2,189 

 2000-2009 176 0 371 547 

 2010-2019 0 0 0 0 

Private 1970-1979 277 0 0 277 

 1980-1989 140 374 0 514 

 1990-1999 0 115 0 115 

 Montana Dept. State Lands 1970-1979 111 0 0 111 

 1980-1989 905 24 106 1,035 

 1990-1999 578 0 187 765 

 

A listing of all past timber sales by names and the year those sales were sold is included in Table 3.2. This 

table does not contain every timber harvest activity in the subunit because some harvesting took place that 

did not have a timber sale name.  
 

Table 3.2 - Past Timber Sales on USFS Lands within the Cripple Planning Subunit 
 

SALE NAME  YEAR SOLD ACRES  SALE NAME  YEAR SOLD ACRES 

Canyon Creek 1976 257  Hornet Power Poles 1990 1 

Stenerson 1977 325  Old Nag Salvage 1990 8 

Ant Hill  1981 317  Out Of The Black PC 1990 40 

Lost Margaret 1981 365  Patches PC 1990 20 

Tidy Bowl 1981 82  Sten Again Salvage 1990 166 

Davis Mountain 1982 501  Grimm OSR 1990 58 

Cripple Larix 1982 87  Blowout Salvage 1991 17 

Five Mile Davis 1982 266  Dry Fork Roadside 1991 4 

Gone To The John 1982 25  Blue Sky Bugs Salvage 1991 5 

Warland Cripple 1982 366  Five Mile Pulp Salvage 1991 32 

Warland Davis Bugs 1982 167  Cripple Land STR 1991 252 

Bornite OSR 1983 85  DWS Heli Salvage 1991 182 

Canyon Creek 1983 954  Head of 5 Mile PC 1991 580 

Cripple Fish 1983 9  Lake Creek Insect Salvage 1991 20 

Juicy Davis 1983 40  Snag Roadside Salvage 1991 84 

Hornet Power 1983 62  Tucan STR 1991 48 

Killum Horse Cleanup 1983 11  Wipeout Salvage 1991   37 

LA Bootleg 1983 35  Wyoma Pine 1991 78 

Looky Lou 1983 185  Huckleberry PC 1991 175 

Blas Production 1984 19  5 Below Down Salvage 1992 117 

Chromite STR 1984 47  Boof 1992 21 

Galena 1984 28  Grimm Falls Salvage 1992 12 

Magnetite STR 1984 40  Canyon YCH STR 1992 261 

Molybdenite STR 1984 197  Go For It LP Salvage 1992 22 

Snag Park 1984 1,311  High Five PC 1992 36 

Swamp Mtn Pest 1984 23  Shore Line Salvage 1992 170 

Yarnell Cripple Horse PC 1984 1,446  Back to Canyon STR 1993 253 

Canyon Bait and Salvage 1985 15  I Am Bushed  STR 1993 38 

Dunn Creek PC 1985 523  Horn It Out 1993 75 

Horsebait PC 1982 27  Broomtail Salvage 1993 34 

 Mallard STR  1985 28  Buckshot STR 1993 73 

Red Fever 1985 9  Keep It Going Blow 1993 28 
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SALE NAME  YEAR SOLD ACRES  SALE NAME  YEAR SOLD ACRES 

Redhead STR 1982 19  Duck Neck Post and Pole 1993 1 

Wolf STR 1985 124  Five Mile Helicopter 1993 165 

Scuzzite 1985 98  Lake Creek Salvage 1993  21 

Summit Springs Bait 1985 14  Lookout Salvage 1993 34 

Syrup Redemption PC 1985 101  Mineral Sheep 1993 53 

Dunn Away PC 1986 37  Cripple Cord 1993 3 

Pintail STR 1986 78  Old Weezer STR 1993 132 

Scarlet Wyoma PC 1986 368  Lake Mtn Salvage 1993 13 

Stanôs Demand STR 1986 81  S Cripple Horse Rdsd Salvage 1993 26 

Ucan PC 1986 37  Wag Salvage 1993  193 

Warhorse PC 1986 27  Why Not STR 1993 318 

Canyon Pine Salvage 1987 133  Dunn Down  1994 13 

Canyon Z PC 1987 186  Heli House Salvage 1994 305 

Dry Three Mile PC 1987 283  Lake Creek 1994 57 

Nutria STR 1987 118  Loner STR 1994 144 

Sore Feet PC 1987 52  Summit Cord 1994 4 

Tangled Elk PC 1987 59  Weigel House Salvage 1994 46 

Alôs Finale 1988 331  YCH Roadside Salvage 1994 80 

Buggy Five PC 1988 80  Ant Wildlife 1995 46 

Canyon Finale 1988 153  Backus Roadside 1995 3 

Canyon Salvage 1988 204  Cripple Peak Heli Roadside 1995 81 

Cherry PC 1988 145  Movie Spur Salvage 1995 27 

Cripple Pine PC 1988 104  Canyon Area Salvage 1996 453 

Grim Creek 1988 69  Wag 2 Salvage 1996 20 

Hidden Gorge 1988 2  Fly It Out Heli Salvage 1996 188 

N Fork 5 Mile PC 1988 156  Hiper Roadside Salvage 1996 11 

Scoodles PC 1988 195  Out the Door Roadside Salvage 1996 51 

Son of Wolf Ins Salvage 1988 36  Two Stooges Salvage 1996 83 

South Dunn PC 1988 459  Sheep Mountain 1996 41 

Stenerson Salvage 1988 76  Stenerson Saddle  1996 18 

Warout PC 1988 209  Done Creek Salvage 1997 371 

Billy Gobbler PC 1989 63  Huff Puff Heli Salvage 1997 35 

Canyon Creek 1989 92  Snag STR 1997 261 

Crossroads Salvage 1989  82  Spring Loaded 1997 38 

Freckled Horse PC 1989 511  Upper 5 Mile Salvage 1997 739 

Giesville Pine PC 1989  100  Warland Salvage 1997 197 

Sheep Creek  1989 101  Bed Springs BD 1998 3 

Smokeys Despair 1989 63  Swamp Ridge 1998 30 

Stump Holes and Ash 1989 78  Wolf Davis Rdsd Heli Salvage 1998 13 

Toasted Board Salvage 1989 116  Boundary Mtn Salvage 1999 358 

Warland PC 1989 548  Cripple Horse Salvage 1999 597 

Waron Bugs 1989 127  Twisted Knee Salvage 1999 2 

Ant Out 1990 179  Weigel Salvage 1999 86 

Black Bush Salvage 1990 116  Yarnell STR 1999 129 

Black Horse Salvage 1990 154  Canyon II Salvage 2000 250 

Can Horn PC 1990 22  So Fork 5 Mile Salvage 2000 118 

Canyon Post and Pole 1990 5  3 Dog Down Blowdown 2000 9 

Cripple Hot Salvage 1990 16  Grimm Lake Salvage 2000 33 

Bound Up STR 1990 116  Dry Pocks Salvage 2001  26 

Down Home Davis 1990 14  Stenerson Cliff Salvage 2001 30 

Devastation Alley 1990 244  Can IT Salvage 2002  297 

Green Burnt Salvage 1990 88  Reservoir East Re-Ad 2010 69 

PC = Pest Control     STR = Seed Tree Removal     BD = Brush Disposal     Heli ï Helicopter     Rdsd ï Roadside     

OSR ï Overstory Removal 
 

Forestwide Fuels: In 2011, three Forestwide Fuels units (2001 Forestwide Fuels Reduction and Wildlife 

Habitat Enhancement EA) were slashed in preparation to be burned (910 acres). These units are FWF545 
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(Gopher Hill) which is 265 acres, FWF536 (Warland Peak) which is 195 acres and FWF52403 (Warland 

Peak) which is 450 acres. These units are scheduled to be underburned between 2013 and 2015. In 2010, 

170 acres of FWF589 was slashed. Twenty-five of those acres are in old growth and are expected to be 

burned in 2013.  

 

REASONABLY FORESEEABLE ACTIONS  
Reasonably foreseeable actions include continued forest management on private and Forest Service land 

in the Cripple Planning Subunit that are on-going or scheduled to occur within the next five to ten years 

These activities are expected to continue to occur and have been included in the analysis of cumulative 

effects. A large amount of private industrial lands are included in this analysis area. Data on those lands 

has a moderate level of accuracy, and is the best available information derived from those landowners and 

field verified information. 

 

Actions on Private Lands: Continued development of private lands within the analysis area is expected.  

Development is expected to include commercial timber harvest, land clearing, home construction, road 

construction, septic field installation, water well drilling, livestock grazing, pile burning and stabilization 

of migrating stream banks.  

 

Table 3.3 shows the foreseeable activities within the next ten years on State of Montana lands within the 

East Reservoir analysis area. This information was requested from the State of Montana Department of 

Natural Resources and Conservation (DNRC) when the analysis of this project began.  
 

Table 3.3 ï State of Montana Department of Natural Resources and Conservation Activities 
 

LEGAL LOCATION  SECTION HARVEST TREATMENT  ACRES 

T31N, R29W 12 Regeneration 198 

ACTIVITY  MILES  

New Road Construction 0.84 

Regeneration Harvest Treatments: Shelterwood w/Reserves, Seedtree w/Reserves or Clearcut w/Reserves 
 

U. S. Corps of Engineers: The Dunn Creek Watershed Connectivity Project has been proposed. 

Depending on the level of restoration implemented, the following may occur; the historic railroad 

concrete box culvert would be removed or bypassed; the culvert under Hwy 37 would be replaced or 

modified to accommodate aquatic organism passage; and the last ½ mile of Dunn Creek would be fully 

restored to return stream function as well as aquatic organism passage; large eroding banks two miles 

upstream of Hwy 37 would be stabilized. 

 

Precommercial Thinning: Approximately 760 acres of precommercial thinning has been approved and 

contracts have been awarded in the Cripple Horse and Canyon Creek drainages. This thinning is will be 

on-going over the next 5 years. 

 

Forestwide Fuels: The three Forestwide Fuels units (2001 Forestwide Fuels Reduction and Wildlife 

Habitat Enhancement EA) that were slashed in 2011 will be underburned between 2013 and 2015 (910 

acres).  

 

Outfitter and Guide Activities:  One outfitter holds a permit for hunting activities within the Reservoir 

East analysis area. That outfitter has had camps in Dunn Creek (2) and the South Fork Cripple Horse in 

previous years but currently none are planned or approved. If camps are proposed and approved, the 

outfitter is allowed two motorized trips per camper year behind gates, one trip prior to hunting season to 

move in camp and one trip after hunting season to move out. Clients move in/out of camp by horse drawn 

wagon intermittently during the hunting season.   

Small Sales: Small fuels reduction projects may be authorized in the analysis area through separate 

decisions. 
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Data Gathering Activities: Field surveys to gather resource data are likely to occur within the analysis 

area within the next five years. Types of data collection may include vegetation surveys, fire history 

sampling, cultural resource surveys, ecodata plots, wildlife habitat surveys, noxious weeds surveys, 

stream surveys, road maintenance surveys, and fuels surveys. 

 

Road Activities: Routine road maintenance is likely to occur as needed on existing roads in the analysis 

area. The roads most likely to receive maintenance are those open to vehicle traffic. 

 

Fire Suppression Activities: If conditions are such that there are fire starts within the analysis area, 

efforts will be made to suppress any and all fires. 

 

Weed Control: Spraying to control weeds is ongoing within the subunit area under the Kootenai National 

Forest Herbicide Weed Control Plan Environmental Assessment and associated Decision Notice and 

Finding of No Significant Effect, 1/97. Noxious weed management activities may also occur on PCTC 

lands, state lands and private property. Approximately 183 acres was sprayed in the Cripple Planning 

Subunit (Weeds project file) in 2010. 

 

Minerals Activities:  There are ten gravel pits within the East Reservoir analysis area. Table 3.4 displays 

the names of the gravel pits and what their status presently is. The gravel pits are located on National 

Forest Service lands. Three of these active pits still have reserves of material. Gravel pit locations are 

shown on the cumulative effects map in the project file. 
 

Table 3.4 ï Gravel Pits in East Reservoir Analysis Area 
 

GRAVEL PIT NAME  STATUS 

Fivemile Creek Reclamation 

Ant Hill Quarry Active 

Cripple Horse Reclamation 

Lower Cripple Horse Active 

S Fork Cripple Horse Reclamation 

Middle Cripple Horse Reclamation 

Gopher Hill Pit Reclamation 

West Dry Fork Quarry Active 

Hornet Ridge Quarry Reclamation 

Dunn Creek Quarry Pending 
 

The Libby Ranger District has received interest for small sales of building and landscape stone from the 

Cripple Horse Area. Stone sales would be small in nature ï generally for 20 ï 200 tons. There are several 

sites adjacent to the main Cripple Horse Road #835 from milepost 5 ï milepost 7.5 that would be 

appropriate for this activity. Equipment may be used to load heavy stone or pallets of stone onto a vehicle 

for transport offsite. No road building would take place.  

 

Special Use Permits: There are ten special use authorizations within the East Reservoir analysis area. 

Linear uses consist of authorized rights-of-way for roads, water developments, and utility corridors. Most 

road uses are short segment roads that were built to access private land/residences from major Forest 

roads. Water developments normally consist of a spring developments and water transmission line 

crossing NFS lands leading to a residence for domestic potable and non-potable uses. Electric and 

telephone utility corridors are normally buried in the right-of-way adjacent to major Forest roads.  

 

Area uses include marina, cultivation and experimental authorizations. Cultivation authorizations usually 

allow the use of NFS lands for hay or other cultivation. The Libby Dam has experimental or 

demonstration authorizations which allow the use of NFS lands as a location for some sort of scientific 
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monitoring station or apparatus.  

 

Marina authorizations include access to a body of water on NFS lands, and can also include associated 

uses such as lodging, guiding, sales, etc. The Koocanusa Marina plans to expand its camping sites during 

2013. This expansion includes 33 new seasonal RV camping sites, a new septic system and a new well. 

There will be selective tree and vegetation removal allowing for the construction of the access road and 

sites, while providing screening for the sites. The sites will be situated on an additional loop road ï 

portions of which will be reconstructed road and new road construction. An extension to the existing 

waterline will service the new RV sites, and a new septic and drainage lines will be installed. An 

additional well will be drilled, and a new pump house will be built in place of the existing one.  

 

The proposed expansion will ideally take place in the fall of 2012 and spring 2013, with the new sites 

being opened summer 2013.  

 

Another project planned for this summer/fall of 2013 is the Marina repaving project, which will chip seal 

approximately 0.9 miles of the access road and the parking lot. 

 

State Designation of Hwy 37: Hwy 37 has been designated a State Scenic byway. An interagency team 

is working on proposed interpretive and developed sites.  

 

Grazing: There are four grazing allotments in the analysis area. They are Fivemile, Warland, Cripple 

Horse and Canyon Creek. Cripple Horse and Canyon Creek allotments have been closed through the 

administrative closure process due to declining transitory range, lack of demand and riparian area 

concerns. Cripple Horse and Canyon Creek have been inactive for over 10 years. The Warland Creek 

Allotment has been vacant for 6 years; the permit was waived back to the Forest Service in 2010. It will 

be maintained as a vacant allotment with potential for grazing in the foreseeable future. Fivemile is an 

active allotment that supports 17 cow/calf pair with a grazing season of June 1to October 15. Much of the 

grazing is on private land owned by the permit holder along Fivemile Creek and upland areas adjacent to 

Blue Sky Road #6271. A Designated Monitoring Area (DMA) was established during the 2010 grazing 

season on Fivemile Creek immediately below the permit holder's private land boundary. Monitoring of 

the DMA and accompanying fish habitat monitoring would establish trend information for the riparian 

and stream channel conditions on the Fivemile Allotment. All four allotments were included in the 

Reservoir Range Environmental Analysis (EA) completed in 1997/1998. The Reservoir Range EA 

permitted grazing on all four allotments from 1998-2008. 

 

Public Activities Likely to Occur:  Firewood and Christmas tree cutting is likely to continue to occur 

along open roads. Recreational use of the area will also continue and includes driving open roads, 

snowmobiling, hunting, hiking, berry picking, and other activities. 
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VEGETATION RESOURCE INTRODUCTION                                                                                    
The forests of the Inland Northwest, including the drainages along the east side of the Koocanusa 

Reservoir, are ecologically diverse in many aspects. This diversity stems from complex ecological 

interactions between forest tree species and climate, geology, soils; and disturbance patterns such as 

logging, insects, disease, fire and extreme weather events. These elements combine with productive 

growing conditions and ample available moisture to create some of the most varied and productive forest 

communities in the Inland Northwest. These forest communities are dominated and defined by conifer 

trees such as western hemlock (WH), mountain hemlock, western redcedar, grand fir, Douglas-fir (DF), 

western larch (WL), western white pine (WWP), lodgepole pine (LPP), ponderosa pine (PP), subalpine fir 

(AF) and Engelmann spruce; and associated shrub and herbaceous plant species. 

 

The following vegetation analysis describes the existing condition and effects of the alternatives to 

vegetation and ecological processes in Fivemile Creek, Warland Creek, Cripple Horse Creek, Canyon 

Creek, Dunn Creek, as well as associated face tributaries to Koocanusa Reservoir. This section will 

address the vegetation treatments in regard to the identified purpose and need to: 

 Re-establish, restore and retain landscapes that are more resistant and resilient to disturbance (insect 

and disease infestations, fire) and uncertain environmental conditions (climate change) by enhancing 

species diversity and managing density;  

 Reduce hazardous fuels adjacent to private property and across the landscape and re-introduce fire to 

the ecosystem; 

 Restore, maintain or improve wildlife habitat; 

 Improve recreation settings, opportunities and experiences;  

 Provide amenities, jobs and products to the communities and maintain an adequate, balanced 

transportation system.  

  

REGULAT ORY FRAMEWORK  
Federal 

The regulatory framework providing direction for the management of forest vegetation is provided 

through the National Forest Management Act of 1976 (NFMA) and the Forest Plan for the Kootenai 

National Forest (KNFP) (1987). NFMA provides for balanced consideration of all resources and requires 

the Forest Service (FS) to plan and manage for diversity of plant and animal communities. The KNFP, in 

compliance with NFMA, establishes forestwide management direction, goals, objectives, standards and 

guidelines for the management for forest vegetation and plant communities. Silvicultural Practices 

Handbook (FSH 2409.17) gives direction on vegetation management practices. 

 

State 

HB-731, Montana Stream Management Zone Law for vegetation management within Stream 

Management Zones (SMZs), defines sideboards for management activities within the SMZ. In general, 

this act is overshadowed by the Inland Native Fish Strategy (INFS) on National Forest Service (NFS) 

lands because INFS requires even larger protection zones for streams than that prescribed by the Montana 

Stream Management Zone Law. 

 

ANALYSIS AREA  
The East Reservoir analysis area lies within timber stand compartments 56, 57, 58, 59, 60, 61, 62, 63 and 

64, covering approximately 92,400 acres. The potential environmental effects (direct, indirect and 

cumulative) of the proposed action and alternatives on the vegetation will be discussed. 

 

The defined boundaries provide an appropriate analysis area for the vegetation resource related to 

characteristics such as species composition, forest structure and patterns, and disturbances such insect, 

disease and fire. The scale of analysis also provides an appropriate size area to monitor changes in 

vegetation trends over time, natural or human-caused. The time frame for this effects analysis would 

extend out to the expected ecological rotation age of the typical forested communities in the area.  
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ANALYSIS METHODS  
This analysis will review the existing and historical conditions, trends and desired future conditions in the 

analysis area, focusing on proposed activities that may have a measurable effect on vegetation. 

 

District vegetation databases (FACTS, FSVeg), a R1 Summary Database and field reconnaissance were 

utilized to generate information on forest vegetation attributes such as forest cover type, stand density and 

successional stage, the vegetation response unit (VRU) classification, incidents of insect and disease, as 

well as information on past activities. Annual aerial observations of insect and disease activities were also 

evaluated to facilitate understanding of longer term fluctuations in insect and disease dynamics across the 

landscape. Aerial photographs, both historic and contemporary were used at various stages of the 

analysis. Scientific literature, field reviews and subsequent silvicultural assessment were also used in the 

analysis. These analysis tools were used to identify site-specific treatment needs that address the purpose 

and need for the project. 

 

The inherent limitations to the database and models are recognized. Not all surveys and subsequent data 

come from the same time period, with some surveys over 20 years old. The data is used primarily for 

broad generalizations, arithmetic sums and means, and to supplement current, site-specific information 

gathered at each proposed unit and area of interest. R1 FSVeg has adequate resolution and accuracy for 

applications required in this effects analysis discussion.  

 

This effects analysis relies in part on the Montana Habitat Type system as described by Pfister et al. 

(1977) because this part of Montana supports very similar ecological conditions. 

 

The habitat type information helped guide stand-level diagnosis and analysis, for development of 

proposed treatments, and to better understand potential effects. For more broad scale evaluations and 

planning, habitat types were grouped, referred to as VRUs, to facilitate landscape-level analysis based on 

similar environments and vegetation characteristics such as productivity, disturbance regimes, stand 

dynamics, susceptibility to insect and disease, forest cover types, structural stages and successional 

pathways. 

 

Proposed treatments were identified by a silvicultural forester based on observed insect and disease 

activity and potential risk; existing vegetation conditions; desired stand conditions based on 

interdisciplinary evaluation; and potential contribution to the larger landscape desired condition (Project 

File). Desired stand conditions and potential treatments to obtain them are ecologically compatible with 

the site, and the current and reference disturbance patterns and successional pathways of the landscapeôs 

vegetation. These desired stand conditions are also based on the KNFP management area direction, and 

site-specific objectives recommended by the Interdisciplinary Team (IDT). Recommendations from site 

visits by Region 1 Forest Health Protection specialists, Forest Silviculturist and Forest Leadership Team 

were incorporated into the proposed treatments.  

 

Indicators are used to examine how management actions would possibly address the purpose and need, 

and to aid in analyzing potential environmental effects to vegetation. These indicators and the units of 

measure for each are: 

1) Implement activities that trend tree species composition towards the reference tree species composition 

for each VRU. The reference composition was more resistant and resilient to disturbance (insect and 

disease infestation, fire and uncertain conditions such as climate change). This will be measured by 

showing the acres that are treated (either through thinning or regeneration followed by planting of the 

desirable species) to increase the relative composition of rust resistant western white pine, larch and 

ponderosa pine. 
 

Species composition or forest type of the stand is determined from the greatest amount of square feet of 

basal area of the total live component of the stand. Basal area (BA) is the cross-sectional area of a tree 
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at diameter breast height (DBH). The BA of a forest stand is found by adding the basal areas of all of 

the trees in an area and dividing by the area of land in which the trees were measured. Basal area is 

expressed as square feet per acre. 
 

2) Implement activities that trend stand-level tree density (BA) towards reference density condition by 

VRU. Stand density was determined from the amount of total live square feet of basal area per acre. 

The reference density levels are more resistant to insect and disease infestations, fire and uncertain 

conditions such as climate change. This will be measured by showing the treatments by number of acres 

that reduce basal area by VRU.   
 

Total live basal area per acre was then put into the following density classes for this analysis: 
 

TOTAL LIVE SQUARE FEET OF BAS AL AREA PER ACRE  

Less than 20 feet 

20-50 

51-80 

81-120 

Greater than 120 
 

3) A landscape that is closer to reference conditions will be more resilient, resistant and better adapted to 

disturbance due to diversity of stand successional stages across the landscape. This indicator will 

display changes in the successional stages by VRU across the landscape as a result of proposed 

activities and compare the current and future percentages of successional stages by VRU to the 

reference percentages. 
 

Successional stages were determined by grouping ages into classes to describe Early- successional, 

Mid-successional, Late-successional and Very-late successional (Table 3.5).  
 

Table 3.5- Age Class as Estimate of Stand-level Successional Stages 
 

AGE CLASS SUCCESSIONAL STAGE 

0-40 years old Early-Successional  

41-100 years old Mid-Successional  

101-150 years old Late-Successional   

+151years old Very Late Successional 
 

Vegetation Response Unit Characterizations and Target Landscape Prescriptions (USDA 1999) are 

used to define groupings of Habitat Types into VRUs. The Region 1 Habitat Type Groups were the 

foundation for this VRU classification. To a large degree, the habitat type groups do a very good job of 

describing disturbance probabilities and vegetation responses (USDA 1999).  
 

Table 3.6 - VRU Groups and Fire Regimes 
 

VRU GROUP CONSTITUENT VRUS ACRES % OF PA FIRE REGIMES  

Moderately Warm/Dry VRU 2S 16,532 21 I 

Moderately Warm/ Moderately Dry VRU 3 17,467 22 III  

Moderately Warm/ Moist VRU4N 7,847 10 V 

Warm/Moist VRU 5 946 1 V 

Cool/ Moist VRU 7 22,453 29 III and IV 

Cool/Moderately Dry VRU 9 10,252 13 III and IV 
 

The VRU is intended to be an aggregation of land having similar capabilities and potentials for 

management. As mapped polygons, these units have similar patterns in potential natural communities 

(habitat types), soils, hydrologic function, landform and topography, lithology, climate, climate air 

quality and natural disturbance processes (fire regimes, succession, productivity, nutrient cycling). The 

interaction of all these processes creates a mosaic across the area landscape. Within individual polygons 
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of any VRU over time, the proportion of age and size classes, succession stage and impacts of fire 

and/or disease will be dynamic as natural and managed disturbances occur (USDA 1999). 

 

FIRE DISTURBANCE REGIMES  
Four different fire regimes occur on this landscape. A natural fire regime is a general classification of the 

role fire would play across a landscape in the absence of modern human mechanical intervention, but 

including the influence of aboriginal burning (FRCC 2005). 
 

Fire Regime I occurs on the warm and dry south and west aspects, and consists of frequent low severity 

fires on a frequency of 0-35 years (average of 22 years). This is a low severity (non-lethal) to mixed 

severity fire that consumes accumulated litter and undergrowth but leaves the majority of the overstory 

intact. At times these non-lethal burns may have created small, mosaic type openings (USFS 1999, page 

6, FRCC Analysis, page 2-1, 4-22). The non-lethal burns interrupted the succession of Douglas-fir and 

were an important agent in controlling density and species composition in VRU 2.    
 

Fire Regime III  occurs on the moderately dry north and east aspects within VRU 2N and 3, and 

moderate to gentle topography within VRU 4 and 5, and is dominated by infrequent mixed severity, 

mosaic fires on a frequency of 35-100+ years. The average fire return is 59 years. These fires typically 

burn in a mosaic (USFS 1999, page 6, FRCC Analysis, page 2-2, 4-22). These fires would creep along 

the surface and occasionally flare up, killing trees in patches and favoring the fire tolerant western larch 

and ponderosa pine. During fire-free periods, the density of the more tolerant species would increase in 

the understory. The overstory trees become susceptible to crown fires when this occurs, as the ladder 

fuels provide access to the crowns in an otherwise surface fire. This condition can result in severe stand 

replacing fires.    
 

Fire suppression activity has disrupted the low severity and mixed severity fire regime and has moved 

the landscape to one dominated by overstocked Douglas-fir, grand fir (GF), and other tolerant species 

stands that are at risk for severe, larger scale stand replacing fires.   
 

Fire Regime IV is a high severity, stand replacing fire, on a frequency of 35 to 100+ years with an 

average return interval of 111 years. These fires typically kill more overstory than the mixed severity 

burns. High severity fires burn in a mosaic creating larger patches of openings and leaving variable 

portions of the forest structure intact. Quite often, unburned patches occur in predictable micro-sites 

(USFS 1999, page 6 and 7, FRCC Analysis, page 2-2, 4-22). The function of high severity, non-uniform 

burns is to replace the existing stand and move the vegetation back to the early successional stage. This 

regime is common on steeper slopes in VRU 4 and 5, and on all but the riparian areas and gentle and 

protected topographic areas in VRU 7 and 9. 
 

During fire-free periods, dense thickets of lodgepole pine regenerate and develop into dense stands with 

inter-connected crowns with shade tolerant Douglas-fir, grand fir and subalpine fir in the understory. 

These stands are then more susceptible to crown fires when fire does occur, as the ladder fuels provide 

access to the inter-connected crowns. Fire suppression activity has resulted in little disruption to the 

high severity fire regime; however these stands are ripe for another stand replacing event due to the 

mortality in the lodgepole pine and the associated high down fuel loadings, and the fuel ladder provided 

by the tolerant species in the understory. Functionally the majority of this landscape type is moving 

towards the outer end historic range of variability. However; some of the mid elevation lodgepole pine 

stands that have a moderate component of western larch and Douglas-fir (50+ basal area), may trend 

towards more mixed severity fire cycles, and longer periods between high severity fire events. 

Therefore, some of this area may be within the historic range of variability for high severity fire, but 

towards the outer range for mixed severity.  
 

Fire Regime V is a high severity, stand replacing fire, on a frequency of 200+ years with an average fire 

return interval of 223 years. These fires typically kill more overstory than the mixed severity burns, and 

average 77% stand replacement. High severity fires burn in a mosaic creating larger patches of 

openings and leaving variable portions of the forest structure intact. Quite often, unburned patches 
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occur in predictable micro-sites (USFS 1999, page 6 and 7, FRCC Analysis, page 2-2, 4-22). The 

function of high severity, non-uniform burns is to replace the existing stand and move the vegetation 

back to the early seral stage.   
 

This fire regime generally occurs on flat to moderately steep ground in the mid to upper elevations and 

is commonly within the riparian influence areas within VRU 4, 5, 7, and 9. Fire suppression activity has 

resulted in little disruption to the high severity fire regime in these areas.   

 

AFFECTED ENVIRONMENT  
The analysis area is included in the Northwestern Montana Forest Region described by Pfister et al. 

(1977) and refined by Arno (1979). These landscape conditions are reflected in the Vegetation Response 

Unit Characterizations and Target Landscape Prescriptions (USDA 1999) which is used for target stand 

development and is a useful reference to describe the departure from historical conditions in the following 

sections. Map 6 shows the distribution of the vegetation response units (VRUs) within the analysis area. 

 

Historic Range of Variability  

The overall climatic condition on the Kootenai National Forest (KNF) has remained relatively uniform for 

approximately the past 1,400 years (Chatters and Leavell 1994). Within this time frame, disturbance 

processes together with landform and other environmental elements formed the major factors influencing 

the patterns of vegetation types across the landscape. Species abundance, distribution and viability 

resulted from this dynamic pattern. Native plants and animals throughout this time period and prior to 

changes brought about by modern day settlement and management, adapted to the rate of these climatic 

and disturbance regimes.  

 

The Historic Range of Variability (HRV) is the context in which current and future conditions can be 

evaluated. For example, the condition and treatments of vegetation can affect the: 

 Departure from forest species composition; 

 Departure from stand density; 

 Departure from successional stages. 

 

Departures from HRV result in changes to one or more ecological components including vegetation 

characteristics, fuel composition, fire frequency, severity and pattern and other associated disturbances 

such as insect and disease, grazing, harvesting, etc. 

 

Reference Conditions 

Reference conditions refer to past or historic conditions of an ecosystem. HRV and Natural Range of 

Variability (NRV) are terms found in the literature that describes historic (reference) conditions. The 

purpose of describing reference conditions is to explain how conditions have changed over time as a 

result of human and natural disturbance, and forest succession. This information provides insights to 

important questions such as recent (past 150 years) frequency, intensity and scale of disturbances, 

abundance and rareness of plant and animal species, and the age-class and composition of trees (Kaufman 

et al. 1994). Fire, wind, insects and disease are important disturbance processes which create a dynamic 

mosaic of forest conditions. These natural events can occur in small, localized areas or impose changes 

over broad landscapes. Species composition, habitat diversity, age class distribution and stand structure 

are direct results of disturbances, which includes natural and human influenced disturbances. 

 

There is support for managing ecosystems within the range of variability that has occurred during the past 

2,000 years to sustain native species and maintain ecosystem integrity (Leavell and Chatters 1994). While 

dominant native species presence was sustained; managers must acknowledge that climate was not static 

within this time period. Throughout centuries, shifts in climatic conditions played a critical role in how 

landscapes develop over decades or centuries. The use of the Pacific Decadal Oscillation (PDO) provides 

a look into the changes that occur over centuries. 
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As an example, severe fire years tend to occur almost exclusively when warm weather spikes follow cool 

wet weather cycles. This correlation is also supported by a recent study of climate and fire correlations 

across the Northern Rockies by Heyerdahl, Morgan and Riser - Ecology 89(3) 2008. Climatic patterns are 

a major driver of insect infestations and wildfire effects and therefore have a strong influence on the 

landscape patterns and forest structure.   

 

We are not attempting to recreate past conditions, and do acknowledge that the modern human imprint 

cannot be eliminated. Our proposal to restore ecosystems within a broad historical range is an attempt to 

keep all the parts, and to maintain a sustainable and resilient ecosystem, based on coarse filter 

management theories.  
 

Proposed management activities are designed to fit within acceptable and manageable historic ranges 

(reference conditions) we have identified, and are designed to foster the processes and patterns that make 

up the ecosystem. Knowledge of historic conditions and natural disturbance processes, as described in the 

VRUs later in this analysis, can help clarify the types, extent and causes of ecosystem changes, and can 

help identify management objectives and restoration priorities (Brown 2004). It is hypothesized where 

community composition and structure occur within a historic range of conditions, the function of the 

landscape community will also be maintained within its historic range. It is important to note that function 

cannot be maintained by restoring the vegetation structure, composition and patch size without restoring 

fire on the landscape. No mechanical means alone can duplicate the unique ecological effects of wildland 

fire, such as soil heating, nutrient recycling, and the resulting effects to the community composition and 

structure (Kauffman 2004, pg. 880).  

 

Reference conditions provide insights to important questions such as natural frequency, intensity and 

scale of disturbances, abundance and rareness of plant and animal species, and the age-class, size classes, 

and tree species composition (Kaufman et al. 1994). They also provide a valuable tool when combined 

with other information gathered from a variety of sources, such as site-specific investigation, old timber 

type data, old photos, fen (bog) sediment analysis, fire scar analysis, historical and research references, 

and inferences from VRU classifications designed for the Kootenai National Forest.  

 

East Reservoir Analysis Area 

The vegetation in the East Reservoir landscape is dominated by conifer forest. Major forest types include 

Douglas-fir mixed with ponderosa pine on the drier slopes and true firs, Douglas-fir, western larch, 

lodgepole pine and Engelmann spruce on the cool moist sites. Natural grass/shrub lands intermixed with 

rock outcrops make up a moderate portion of the landscape, and natural meadows, riparian zones, 

wetlands, and aspen groves, make up a minor but important portion of the landscape.   

 

As described in the section on Reference Conditions, the cumulative influence of natural and human-
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caused disturbances define the species composition, forest density and function of the landscape. 

Historically, wildfire and Native American burning played a role interrupting forest succession and 

creating much of the existing vegetation diversity. Since the mid-1900s harvest disturbances have played 

an increasing role. 

 

DISTURBANCE AGENTS 

The forest communities are dynamic and changing systems. Disturbances characterize all forest types. 

Effects from disturbances vary from minor (slow) changes to drastic (quick). In addition, continuous 

landscape alterations can range from small to very large, encompassing a few to thousands of acres. These 

disturbances historically include fires (wildfire and human-caused), domestic livestock grazing, insect and 

disease epidemics, floods, windstorms, timber harvesting and permanent land clearing.  

 

Species composition, habitat diversity, age class distribution and stand structure are direct results of such 

disturbances, creating a dynamic mosaic of forest conditions. Since plants and animals adapt to habitat 

and disturbance conditions, it is considered desirable to manage towards a broad range of historic 

conditions. Restoration and managing for resilience is not just recreating historical conditions, but it 

provides a baseline range of conditions to evaluate how existing conditions depart from historic 

conditions that resulted largely from natural and historic human induced processes. 

 

Insects and Disease 

Most insects and diseases (pathogens) have integral functions in the forest ecosystem. They play a role in 

the fire ecology of northwestern Montana by creating areas of dead conifers that fuel large, stand-

replacing fires. In general, where fire is removed from the natural processes, stand density would 

increase, composition moves towards shade tolerant species, and the probability of insect and disease 

outbreaks increase as populations increase and stress increases (Waring and Schlensinger 1985).  
 

Historically, the most conspicuous insects and diseases in the forest were bark beetles, defoliators, stem 

decays and root disease. Root disease commonly thinned the Douglas-fir and grand fir from early seral 

stands of white pine, ponderosa pine and western larch. The early seral species have a high level of 

resistance and were able to capitalize on this reduced competition. The fires of the 1890s, selective 

harvest, fire suppression and the introduction of white pine blister rust has removed much of the intolerant 

species and reduced the opportunity for early seral species to become naturally established in some root 

disease areas. Root disease can predispose trees to attack by insects such as bark beetles.  

 

Mountain pine beetle (MPB) was a large mortality factor in the LPP forest, with periodic infestations on 

PP and white pines. Douglas-fir beetle periodically caused significant mortality in late seral stands with a 

large diameter Douglas-fir component. Stem decays were common in Douglas-fir, grand fir and subalpine 

fir. 

 

The major insects and diseases found within the analysis area affecting forest composition, stand 

structure, and fuel loads are described later in this analysis. There are other active insects and diseases 

within the analysis area, but levels are generally low and not considered as threatening to forest 

composition or stand structure. Many of these agents found affect species composition, but are considered 

within the "normal range" of a natural process. A consideration of forest health emphasizes prevention as 

opposed to suppression as a management strategy for insects, pathogens and natural disturbances that are 

considered detrimental to resource production. This emphasis is made with recognition of their beneficial 

role with regard to resources and ecosystem functions. 

 

Forest insect and disease activity has been monitored via aerial observations for many years in Region 1. 

The 2009 and 2010 flights revealed MPB affecting the PP and LPP, western spruce budworm and some 

Douglas-fir beetle affecting Douglas-fir in the analysis area (project file map). In comparing the 2009 

flight to the 2010 flight MPB in PP and LPP was about the same between the years with 2-10 trees 
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infested per hot spot. Western spruce bud worm intensity has varied across the analysis area with larger 

areas affected in 2010(many in the draw bottoms). Douglas fir-beetle was not detected in the analysis area 

in 2009 but was detected slightly in 2010.  
 

Mountain Pine Beetle (Dendroctonus ponderosae) is a bark beetle that generally attacks mature and 

over-mature stands of LPP and other pine species. Outbreaks usually develop where average tree 

diameters are greater than eight inches, average stand age is 80 years or more, and in stands with 

extreme stocking. During major outbreaks, like those experienced on the KNF between1978 to 1985, 

the majority of pine trees over seven inches are generally attacked. This analysis area had very high 

infestations in the 1980s. The impacts of this very high infestation of mountain pine beetle were and 

still are very significant impact to the landscape of East Reservoir. 
 

Mountain pine beetle infestations are rarely seen in PP stands where average tree diameter is less than 

six inches in diameter but are common in stands with average diameters between 8 to 12 inches in 

diameter (Sartwell and Stevens 1975). Outbreaks in ponderosa pine have historically not been as 

widespread as in LPP stands, but can kill ponderosa pine as young as 30-40 years of age. Most MPB 

outbreaks occur in even-aged, high density stands. For PP, stands with BA exceeding 150 square feet 

per acre, and average diameters greater than eight inches are considered highly favorable for MPB 

outbreaks (Schmid et al. 2007). Schmid et al. (2007) found that unlike in lodgepole pine, MPB in 

ponderosa pine attack a range of diameters. MPB activity in ponderosa pine often begins in densely 

stocked small and mid-size diameter classes and then moves into the larger size classes.    
 

Schmid et al. (2007) and Olsen et al. (1996) found that MPB attacked trees that occurred in clusters and 

that hazard rating for stands with clumpy distributions is higher. In other words, even if a stand has a 

BA of 80 square feet per acre but has denser clumps distributed within, significant MPB-caused 

mortality may occur in those clumps and lead to additional mortality within the stand. Olsen et al. 

(1996) suggested that the competition between trees in the clusters placed stress on individual trees 

predisposing them to attack. A more even spacing within a stand leads to less inter-tree competition, 

and different microclimates. It may also lead to an increase in the amount of time that it takes for a low 

density stand versus a high density stand to become susceptible to significant MPB infestation.    
 

The relationship between LPP and MPB has been extensively researched and is fairly well understood. 

Endemic populations of MPB allow for natural thinning of LPP stands, resulting in large expanses of 

mortality. Lodgepole pine surviving large infestations continue to grow until another beetle infestation 

occurs. This cycle continues on a 20 to 40-year interval, depending on the size and growth of trees, until 

LPP is eventually eliminated (Amman 1977). When MPB infestations occur in these LPP areas, heavy 

fuel accumulations follows. Since the most significant fuel component in these LPP forests is dead, 

woody material (Lotan, Brown and Neuenschwander 1984), heavy fuel accumulations result in very hot 

fires spreading over large areas (Amman 1977). MPB infestations are expected to increase with the 

predicted climate change. Also, when trees must compete for resources in overcrowded conditions, bark 

beetles can more easily overcome these stressed treesô defenses and initiate a severe outbreak. 
 

A site visit of a regional entomologist confirmed that ñMPB is at low and scattered levels on the Libby 

Ranger District.ò This is an opportune time to reduce potential impacts of MPB through silvicultural 

thinning treatments. Removal of infested trees and reducing stocking densities can increase the 

effectiveness of suppression techniques. 
 

Douglas-fir Bark Beetle (Dendroctonus pseudotsugae) is a bark beetle that generally attacks large 

diameter, mature and over-mature Douglas-fir in dense stands. Characteristics usually found where 

Douglas-fir beetle epidemics occur are: stands with a component of Douglas-fir greater than 14" dbh; 

over 100 years old; and overstocked (greater than 140-150 basal area). Conditions that contribute to 

Douglas-fir bark beetle epidemics are any that weaken the tree and make it more susceptible to attack 

such as fire, windthrow and root disease.  
 

Drought during the summer of 1998 increased the severity of the Douglas-fir Bark Beetle outbreak. The 
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occurrence of Douglas-fir Beetle on the KNF has been recorded since about 1950. The 1998 outbreak is 

considered to be the most significant, although during the years 1950-1952 a major outbreak was noted 

for Region 1 as a whole. The outbreak slowly dissipated and beetle populations are considered endemic 

now, although surrounding forests are still reporting beetle populations (USDA 2009). Douglas-fir 

Beetle infestations are expected to increase with the predicted climate change. Though numbers are 

now endemic, it should be noted that a large portion of the East Reservoir analysis area is composed of 

Douglas-fir that is of age and size to move into a moderate level of risk. 
 

Western Spruce Budworm (Choristoneura occidentalis) is a defoliator which prefers to feed on true fir, 

Douglas-fir, spruce and larch foliage. Observations in this analysis area indicate only true firs and 

Douglas-fir are being attacked. The larvae mine the buds and old needles in the spring, and then 

consume new needles as they emerge. After several years of heavy defoliation, branch dieback and top 

kill, tree mortality can occur (USDA 2003). Mortality is rare for overstory trees as the larvaeôs defense 

against predators (birds) is to drop out of the tree via a silk thread to the lower canopy or understory 

trees. If mortality occurs, it is more common in these understory trees. According to the Forest Health 

Protection Annual Aerial Detection Survey of Western Spruce Budworm (WSB), intensity has varied 

across the analysis area with larger areas affected in 2010 (many in the draw bottoms). Although some 

understory tree mortality has been observed, few overstory trees have died. Stand conditions that are 

conducive to the budworm are high density, multi-layered canopies of desired species ï a common 

characteristic in the riparian areas. Discussions with regional entomologists indicate that this outbreak 

could be related to delayed effects of drought in the mid-part of this decade, and that a return to normal 

moisture level may likely cause the budworm population to subside. The effects of WSB may weaken 

the overstory trees and pre-dispose them to other insect and disease infestation.  
 

Dwarf Mistletoe (Archeuthobium sp.) is an endemic parasitic plant that depends on a host species 

(primarily western larch and LPP in this area) for water, carbohydrates and minerals. Effects on the host 

tree are reduced height and diameter growth, weakening trees, decreasing cone and seed production, top 

kill, which can lead to mortality. The typical lateral spread within the tree is 1-2 feet per year and seed 

spread is up to 100 feet from an infected tree. On-the-ground observations show that dwarf mistletoe is 

moderate in the western larch in some stands and as an occasional infection of LPP was found in the 

analysis area. 
 

Root Diseases. On May 17 and 18, 2011, a Plant Pathologist from the Coeur dôAlene Field Office visited 

several proposed treatment areas across the analysis area with a special focus of identifying root 

diseases. In general, a fairly low level of root disease was found in the areas visited. Considerable time 

was spent in the proposed Fivemile Recreation Area due to the need to retain firm trees near campsites. 

In the proposed recreation site, both Phaeolus schweinitzii root and butt rot and Armillaria root disease 

were observed in Douglas-fir and western larch. The Armillaria root disease was isolated to one pocket 

of Douglas-fir at the eastern end of the north side of the proposed recreation area. Phaeolus schweinitzii 

is not usually considered an aggressive tree killer; rather it is relatively slow acting with the result in a 

gradual expression of symptoms. Seedlings can be infected and occasionally killed. However, it is 

generally in mature trees that root deterioration causes a measureable decline in tree vigor or increased 

likelihood of windthrow. Phaeolus schweinitzii is a major concern in recreation areas with a significant 

component of older Douglas-fir and western larch due to the high risk of windthrow and breakage. 

Development of recreation sites with Phaeolus schweinitzii should focus on retaining the most vigorous 

Douglas-fir and western larch, those exhibiting full crowns and good growth. After tree removal, it is 

advisable to allow the area to go through a winter season, when most wind and storm events occur, 

before the public is invited to camp. This should assist in determining the wind-firmness of the leave 

trees.    

White Pine Blister Rust (Cronartium ribicola) was introduced to the west coast from Europe and Asia in 

the early decades of the 20
th
 century. It spread quickly throughout most of the range of five-needle 

pines, where it has substantially reduced the populations of these pines throughout most their ranges in 

the west. This is an exotic pathogen that has not co-evolved with its hosts, and because of the 
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importance of white pine to forest diversity, there is great interest in managing to re-establish rust-

resistant strains of this once widespread tree. Western white pine i not common in the analysis area.    

 

Wind 

Wind and the resulting windthrow is an important natural disturbance process in northwestern Montana 

ecosystems. High-intensity windstorms can heavily impact whole stands. Lower intensity windstorms 

destroy stands with a high percentage of defective or dead trees or those occupying particularly wind-

prone sites. Wind throw resistance is somewhat similar to fire resistance, with certain species or 

individual trees more susceptible than others. When trees grow within an open canopy forest, growth is 

concentrated near the base of the tree as compared to a tree that is grown in closed conditions whose 

growth is concentrated in height because they are forced to grow tall to compete for light. Growth at the 

base of the tree results in increased strength against the forces of wind. Trees that have grown in dense 

stands are particularly susceptible to wind-throw when surrounding trees are removed (Waring and 

Schlesinger 1985). Trees growing in areas with shallow rooting zones (high water table or bed rock) are 

more susceptible to wind throw than trees in soils with a deeper rooting zone. 

 

Fire Ecology and Fire History 

Fire has been a major influence on vegetation patterns, composition, structure, function, age and 

development of both individual stands and the larger landscape (Habeck and Mutch 1973; Arno 1976; 

Arno 1980; Fischer and Bradley 1987). The intensity and frequency of historic fires and the resulting 

patch size and vegetation succession are predictable based on the biological, physical and climatic factors 

of the landscape. Forest vegetation adapted to these disturbance processes. For example, fire adapted 

species like western larch, Douglas-fir and PP have evolved thicker bark and a deeper root system that 

allow them to withstand frequent fires of higher intensity more effectively than species with thin bark and 

shallow roots such as LPP and true firs. Historically, stand-replacing fires often left the fire-adapted 

species as single standing trees or groups with an open canopy (Smith and Fisher, 1997). These stands 

would then reproduce under the open canopy, thereby perpetuating the seral fire-adaptive species.  

 

Historically, the influence of fire created a mosaic of stands with a variety of vegetation species, sizes, 

ages and structures, as well as variable patch sizes. Prior to European settlement of the western states, the 

landscapes of western Montana were largely characterized by the natural and Native American induced 

fire regime; influenced by varying moisture, temperature and vegetation composition. The availability of 

seed from LPP with serotinous cones meant rapid restocking of burned sites ï especially in the mid- to 

upper elevations. Persistent, large diameter fire survivors of western larch, Douglas-fir and ponderosa 

pine helped to maintain a mix of species. 

 

Disruption of historic fire cycles and the associated increase in stand density and tolerate conifer species 

(Douglas-fir, etc.) has likely contributed to increased incidence of insects and disease across the 

landscape. 

 

See Fire and Fuels Section for fire history for the East Reservoir analysis area. 

 

Climate Change 
Over the next 50 years, the United States, as a whole, is projected to be warmer and wetter. This could 

lead to increased forest growth, density and competition, then consequently demand and stress during 

water limited periods. Wildfires and insect outbreaks in the western United States are projected to 

increase over the next 50 years. In the last 10 years, forest fires annually burned 0.9% of forested land in 

the United States, with the largest fire year (2006), burning 1.3% . This corresponds to an overall average 

return interval of 100 years for U.S. forest fires. If fires become more severe, especially where ecosystems 

are not adapted to severe fire, the likelihood that fire would change forests to shrublands or meadows 

would increase.  
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Intense fires and insect outbreaks over large areas would increase carbon losses. Long-term fire effects on 

carbon stored in forests are minor; if the forest regenerates, regrowth recovers the carbon lost in the fire 

and in decomposition if the trees are killed by fire. If fires convert forests to meadow or shrublands, losses 

of carbon can be considerable (Ryan 2008). 

 

Disruption of historic fire cycles combined with the predicted climate change, may also contribute to 

accelerated insect and disease infestations. Warming climatic conditions appear to be accelerating 

seasonal insect growth and development (Logan 2003). Northern and high-elevation species are expected 

to experience greater effects than southern or low elevation ones (Logan 2003). The majority of research 

on the effect of climate change on forest insect pests indicates that insect attacks will intensify in severity, 

frequency and size (acreage) (Logan 2003). This result is logical because stressed trees are more likely to 

succumb to insect and disease attacks, and climate change would likely result in stress to at least a portion 

of the current forest. Current research on MPB, gypsy moth, spruce beetle and spruce budworm confirm 

this prediction (Logan 2003). 

 

Bark beetle outbreak dynamics are complex, but climate change is one factor that appears to be driving 

the current bark beetle outbreaks. Temperature influences everything in a bark beetleôs life, from the 

number of eggs laid by a single female beetle, to the beetlesô ability to disperse to new host trees, to 

individualsô over-winter survival and developmental timing. Elevated temperatures associated with 

climate change, particularly when there are consecutive warm years, can speed up reproductive cycles and 

reduce cold-induced mortality. Shifts in precipitation patterns and associated drought can also influence 

bark beetle outbreak dynamics by weakening trees and making them more susceptible to bark beetle 

attacks. Bark beetles respond to landscapes of drought-stressed trees, contributing significantly to the 

widespread tree mortality. Because elevated temperatures potentially influence the number of generations 

of these species reproducing in a single year, future outbreaks will occur as precipitation and temperature 

patterns continue to shift (Bentz 2008). 

 

Human Influences 

Long fire return intervals, greater than 100 years, found across most of the analysis area have allowed 

shade-tolerant species to become well established in the understory of stands, and generally allowed stand 

biomass, ladder fuels and downed woody fuel loadings to increase in some areas beyond what these sites 

likely experienced historically. It is important to emphasize the wide range of conditions in these forest 

types, and extreme conditions are not unusual. These stands are more likely to experience high intensity 

fires with greater mortality due to high biomass, less heterogeneity, increased ladder fuels and crown bulk 

densities, and high down woody fuel loadings. Such densely stocked stands are also more susceptible to 

insect and disease problems such as root disease, dwarf mistletoe and bark beetle mortality therefore more 

susceptible to fire. 

 

A big change in the analysis area over the last 100 years has been to the lower elevation dry sites (VRU2 

and VRU3). Historic logging focused on removing the shade intolerant species (western larch and 

ponderosa pine) and fire suppression efforts have affected these sites. Absence of non-lethal low severity 

fires across the drier sites (VRU2 and VRU3), have altered insect and disease regimes, increased stand 

density, and favored more shade tolerant and less disease resistant species such as Douglas-fir and grand 

fir. Maturing stands dominated by Douglas-fir, PP and LPP become at risk as hosts to their respective 

bark beetle pests of Douglas- fir  beetle or MPB. 

 

Substantial changes in the analysis area occurred with the MPB infestation of the late 1970s and early 

1980s, and the timber harvest that followed. Thousands of acres of LPP in the analysis area were killed. 

The Dry Fork Fire of 1988 burned 13,000 acres of which 3,400 acres are within the analysis area. Salvage 

of mortality from the MPB and fire killed timber resulted in harvest activities over 27% of the NFS land 

within the analysis area from 1980-1999. Regeneration harvest occurred over 15% of the analysis area as 
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a result of these salvage activities. Most of these treatments occurred in the upper basins of the drainages 

in the cool and moist types that carried a high percentage of lodgepole pine (Table 3.1). 

 

EXISTING SPECIES COMPOSITION,  FOREST DENSITY and SUCCESSIONAL STAGES 

Fifty percent of the East Reservoir analysis area is dominated by moderately warm and dry and 

moderately warm and moderately dry stands on the lower elevations of the analysis area. The moderately 

warm and dry sites across the landscape are no longer dominated by open park-like stands. Many of these 

areas have missed one to six periodic low severity fire disturbances causing an increase in density, ladder 

fuels and a shift of species more toward Douglas-fir. Historically, there was a mix of PP, western larch 

and Douglas-fir occurring on these sites. However, now Douglas-fir dominates these stands with a much 

smaller portion of PP and western larch. Historic logging focused on the removal of mature western larch. 

On the moderately warm and moderately dry sites, fewer fire disturbances have been missed, only one to 

two fire cycles. Timber harvest has resulted in uniform, medium sized patches instead of a mosaic of 

patch sizes that occurred with the mixed lethal fire regime. Currently, stand densities are high and there is 

a predominance of Douglas-fir. Historically, these stands had a predominance of ponderosa pine and 

western larch.    

 

Twenty nine percent of the analysis area can be described as cool and moist, and is located at the upper 

elevations. With past harvest activities, patches have become more uniform in size (30-40 acres). The 

cool and moist areas experienced significant mortality in the LPP from MPB in the late 1970s and early 

1980s. In addition, other stands have been salvaged, removing the dead LPP and retaining the remaining 

stands. Currently, 39% of this VRU7 is in the early-successional stage. The mid-successional stage is low 

(9%) as compared to the desired condition for the cool and moist VRU. The late-seral successional stage 

is high (44 %) and the very late-successional is low when compared to the desired condition (Table 3.9).  

 

The remaining area (moderately warm and moist; 10% of the area) is a transition zone between the lower 

and upper elevations. The cool and moderately dry area (13% of the area) is located on the upper 

elevation and ridge tops.  

 

Vegetation Response Units (VRUs) 

This section includes a brief summary of the VRUs, on FS lands, in the East Reservoir analysis area and 

displays the difference between existing condition and reference/desired condition for these VRUs. 

Comparing reference conditions of a given vegetation bio-physical unit such as a VRU to current 

conditions can provide ecological insight into landscape management. During the analysis of the existing 

conditions for this project area, vegetation management was identified as a need because the current forest 

conditions have shifted away from historic conditions (or reference conditions). This issue was used to 

develop the desired conditions by VRU (Table 3.7).      

 

Table 3.7 displays the existing species composition by VRU in comparison to the desired condition 

within the analysis area. The current species composition is based on the stand dominate forest type. 

Information on Table 3.7 is from USDA Forest Service, 1999 and the FSVeg database. 
 

Table 3.7 - Comparison of Current Condition Overstory Composition to Desired Conditions 
 

VRUS CONDITION  OVERSTORY SPECIES COMPOSITION % OF VRUS 

VRU2S 
desired 50% PP; 20% WL; and 30% DF (approximately) 

23% 
current 21%PP 6%WL 71%DF 2%LPP   

VRU3 
 desired Predominance of PP & WL w/lesser amounts of DF and GF 

22% 
current 6%PP 32%WL 40%DF 22%LPP 

 
VRU4 

desired Predominance of WL, LPP, DF, PP w/lesser amounts of GF & WWP 
10% 

current 2%PP 53%WL 37%DF 7%LPP 0%GF 

VRU5 
desired WL, DF, WWP, LPP 

1% 
current 47%WL 23%DF 22%LPP 0%WWP 2%WH 
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VRUS CONDITION  OVERSTORY SPECIES COMPOSITION % OF VRUS 

VRU7 
desired Predominance of WL, WWP, DF & LPP. 

29% 
current 47%WL 12%DF 28%LPP 0%WWP 12%AF 

VRU9 
desired Predominance of LPP with some DF, WL and AF. 

13% 
current 

 

27%WL 24%DF 37%LPP 0%WWP, 11%AF 

Numbers highlighted grey indicates current conditions outside desired conditions. 
 

In comparing the current and desired conditions, it is apparent that there is a desire to increase the amount 

of ponderosa pine and western larch and decrease the amount of DF within VRU 2 and 3. Table 3.7 does 

not display percentage levels for desired species for VRUs 5, 7 and 9, however it does display a desired 

species present to compare to the current. For VRUs 5, 7 and 9, comparing current to desired conditions 

there is a desire to increase western white pine and to decrease the amount of subalpine fir. The desire for 

LPP is to keep at current levels. The species desired to increase are drought resistant and fire-tolerant, 

with good resistance to insects and disease. The species desired to decrease are drought and fire-intolerant 

with greater susceptibility to various insects and disease. Changing vegetation composition toward 

desired levels would increase resistance and resiliency, reducing effects from drought, fire, insects, 

disease and climate change.   

 

Table 3.8 displays the stand density by VRU in comparison to the condition of all suitable land within the 

analysis area.  The current density by VRU is based on the total live square feet of BA per acre of the 

stand within the analysis area. The desired condition densities by VRU are for mature stands. Information 

in Table 3.8 is from USDA Forest Service 1999 and the FSVeg database. 
  

Table 3.8 - Comparison of Current Condition Density Classes to Desired Conditions  
 

VRUS CONDITION  
DENSITY (square feet of basal area/acre) 

% OF VRUS 
UNDEFINED*  <20 20- 50 51-80 81-120 >120 

VRU2S 
desired 

 

Densities ranged from 60-100 sq. ft./acre 
23% 

current 1% 2% 12% 23% 36% 25% 

VRU3 
desired 

 

  Densities ranged from 80-120 sq. ft./acre 
22% 

current 2% 3% 29% 15% 27% 24%  

VRU4N 
desired 

 

 Densities ranged from 80-200 sq. ft./acre 
10% 

current 2% 1% 23% 18% 30% 26% 

VRU5 
desired 

 

 Densities ranged from 150-200 sq. ft./acre 
1% 

current 10% 0% 27% 6% 34% 20% 

VRU7 
desired 

 

Densities ranged from 80-120 sq. ft./acre 

(open enough to encourage two to multi storied stands)  29% 

current 3% 6% 37% 14% 18% 22%  

VRU9 
desired 

 

Densities ranged from 80-120 sq. ft./acre 

(open enough to encourage two to multi storied stands) 13% 

current 3% 4% 28% 21% 23% 21%  

* ñUndefinedò are acres where no BA/acre was documented.  Grey numbers indicates current conditions outside desired conditions. 
 

The density of forest vegetation can influence everything from the health and vigor of individual trees in a 

forest stand to the composition of plant species in the community, which affects whether or not the stand 

is suitable for certain wildlife species. Tree density also affects the susceptibility of the trees to drought, 

insects and disease, wildfires and other disturbance events, as well as influencing the rate of plant 

succession. It is difficult to quantify historical forest densities, however general ranges can be made based 

on the knowledge of historical disturbance regimes and forest succession. See Table 3.8 for desired 

density ranges by VRU.    

In general, the denser the forest the greater likelihood that the fuel characteristics could support a fast 

moving intense crown fire. The susceptibility of a forest to insect and disease is heavily influence by 

density and its impact on tree vigor. As the density increases, a deficit of soil moisture develops and trees 

lose their ability to withstand attacks by insects, diseases and parasites (Powell 1999, Safranyik et al. 
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1998). Density related tree mortality from insect, disease and competition leads to increased dead fuel 

quantities and higher fuel hazards.   

 

In comparing the current to the desired conditions, there is a desire to decrease density in VRU 2 and 3 on 

the warmer and drier sites. There is also a desire to decrease density in lynx habitat (VRU 7) therefore 

encouraging development of multi-storied lynx habitat within 20-50 years. Reducing density of these 

stands would create an environment for regeneration to occur in varying stages moving the stand into 

multi-storied condition in the future. Without reducing density on these heavily stocked stands they would 

likely move into the stem-exclusion stage and then would not develop into a multi-storied condition 

without disturbance.   

 

Table 3.9 displays the existing successional class distribution in comparison to the desired successional 

class distribution within the analysis area. The distribution of current successional classes is based on 

stand data and year of origin and put into age classes. The desired ranges represent an approximation of 

the historic range of successional stage distribution. Information in Table 3.9 is from USDA Forest 

Service 1999 and the FSVeg database. 
 

Table 3.9 - Comparison of Current Conditions of Successional Stage to Desired Conditions  
 

VRUS CONDITION   % OF 

VRUS 
EARLY  

 (0-40 YRS) 

MID  

(41-100 YRS) 

LATE  

(101-150 YRS) 

VERY LATE  

(150+ YRS) 

UNEVEN 

AGED 

VRU2S 
desired 15-25% 15-35% 10-30% 20-50%  

23% 
current 5% 20% 47% 23% 4% 

VRU3 
desired 15-25% 20-40% 15-35% 15-40%  

22% 
current 5% 17% 45% 10% 

 
VRU4N 

desired 15-25% 20-40% 15-35% 10-40%  
10% 

current 20% 16% 57% 7% 

 
VRU5 

desired 10-20% 15-35% 10-30% 25-55%  
1% 

current 31% 9% 54% 5% 

 
VRU7 

desired 15-25% 20-40% 15-30% 15-45%  
29% 

current 39% 9% 44% 8% 

 
VRU9 

desired 20-40% 40-60% 15-20% 5-10%  
13% 

current 27% 11% 50% 10% 

 Numbers highlighted grey indicates current conditions outside desired conditions. 
 

In a comparison of the current to the desired conditions, it is apparent that there is a need to increase the 

amount of very late (150+ years) successional stages and increase the mid-successional stages in all the of 

the VRUs. There is a need to increase the distribution of acres in the early successional stages of the 

warmer and drier VRUs and decrease the acres in VRU 5 and 7. In addition, in all VRUs the late 

successional stage is high currently compared to the desired condition. Successional stages are more 

difficult to trend toward desired in the short-term. Changing distributions of acres of successional stages 

is a long-term goal to trend toward. Taking a closer look at the distribution of acres within the early 

successional stage the majority of the acres are greater than 15 years and trending toward the mid-

successional stage. Increases in early successional stages in the cool and moist VRU (7 and 9) would have 

a beneficial effect for lynx forage, providing a pulse of habitat for snowshoe hare.   
 

VRU2S 
Moderately Warm and Dry Habitats Settings with inclusions of VRU 1 (warm, dry), Fire Regime I 

This vegetation response unit (VRU) is found on 18,314 acres of the analysis area. It is characterized as 

moderately warm and dry, but is a transitional setting that includes warm, dry grasslands and moderately 

cool and dry upland sites. Occurring primarily on south and westerly aspect, these dry, lower elevation 

open sites are composed of mixed Douglas-fir and ponderosa pine in well stocked and fairly open grown 

conditions. Moist, upland sites and dense draws also include WL and LPP, with lesser amounts of PP. 
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Tree regeneration occurs in patches and is largely absent in the understory (USDA 1999). The aspect in 

this VRU, along with its associated habitat types, plays a role in this setting. The nonlethal fire regime is 

representative of VRU2S on moderately warm dry sites (USDA 1999). Lodgepole pine is typically seral 

on Douglas-fir/dwarf huckleberry habitats. Both lodgepole pine and western larch occur on moist sites. 

Western white pine and grand fir are minor components on some mesic sites and not common over the 

VRU. Douglas-fir and ponderosa pine are common serals on dryer sites.   

 

Stand structure is a product of frequent low severity surface fires (every 0-35 years), and occasional 

mixed (15-45 years) and non-uniform stand replacement events (+200 years). This VRU is generally 

made up of a mosaic of stand ages and forest types. Multi-storied stands representing late successional 

stages also occur as stringers in protected areas that burned less frequently. Patches of even-aged, single 

storied stands develop after severe burning conditions within a dense understory or an overstocked pole 

stand after a long fire-free period (USDA 1999). Historic patch sizes were less than five acres within 20 

to 200 acre patches. Overall, these stands are a diverse mix of open stands with well-spaced trees (15-30 

trees per acre (TPA) interspersed with larger openings and dense patches with multi-aged and 1-2 storied 

stands. Desired basal area densities are 60 to 100 sq. ft./ac. in mid-to-late successional stage stands, and 

65-150 on Douglas-fir/pine grass habitat types. Coarse woody material naturally occurs on these sites at 

5-9 tons/acre in VRU2S. 

 

Comparison of Current to Desired (Reference) Conditions: Effective fire suppression has basically 

eliminated frequent low intensity (surface) fires and mixed lethal underburns in the analysis area. This has 

altered the species composition and stand structure. Species composition has changed from primarily PP 

and WL with DF to stands that are primarily composed of Douglas-fir with ponderosa pine and Western 

larch being less of a component of the stand, (see Table 3.7). Stand structure has changed from open park-

like stands of large PP and Douglas-fir to two to three storied stands composed of predominately DF. The 

lower canopy is composed of a dense understory of smaller Douglas-fir. These high-density understories 

can provide a fuel ladder to the crowns of larger trees, and increase the potential for lethal stand replacing 

fires. The overall current densities average 120-130 BA, while historically mature stands carried 60-100 

sq. ft. of BA, see Table 3.8. Factors of most influence are timber harvest and fire suppression, replacing 

the frequent low intensity burns. Stands have a higher density of middle successional trees, with a more 

closed canopy and uniform stand structure.   

 

The effect of missed fire intervals is evident given a lack of early successional class in this VRU. A larger 

percentage (47%) falls into the late successional class in this VRU as a result of the fires of the late 1880s. 

During the early 1900s, the early logging focused on the removal of the large diameter older trees and left 

the co-dominate trees leaving a smaller portion (23%) falling into the very late successional stages of this 

VRU.   

VRU 3 
Moderately Warm and Moderately Dry Habitat Setting, Fire Regime III 

VRU 3 occurs on 17,467 acres of the analysis area. This VRU occupies a moderately warm and 

moderately dry habitat between the drier, warmer sites featuring the DF series (VRU 1, VRU 2) and the 

moderately warmer and moist sites of VRU 4. This often occurring on moderately steep, northerly slopes 

and some lower valley sites, VRU3 contains a highly variable assemblage of habitat types, reflective of its 

wide environmental distribution (USDA 1999). Western larch, Douglas-fir and ponderosa pine are 

dominant species at lower elevations and western larch, Douglas-fir and lodgepole pine dominate the 

moist uplands. This VRU does include grand fir and lesser amounts western white pine and occasional 

western redcedar. 

 

A combination of fire regimes, mainly low to moderate intensity (35-100+ years), has shaped VRU3.  

These fires typically burn in a mosaic, creeping along the surface and occasionally flare up, killing trees 

in patches and favoring the fire tolerant western larch and ponderosa pine. During fire-free periods, the 

density of the more tolerant species would increase in the understory. The overstory trees become 
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susceptible to crown fires when this occurs, as the ladder fuels provide access to the crowns in an 

otherwise surface fire. This condition can result in severe stand replacing fires. Fire has been an important 

agent in shaping the species composition of this landscape. Characteristic low to moderate severity fires 

favor western larch and ponderosa pine over Douglas-fir. The less common severe fires favored the 

development of single species stands, especially LPP. The diversity of this transitional VRU is reflected 

in the range of associated fire intervals and severities. 

 

Stand structure is a product of mixed severity fires and occasional stand replacement events; this VRU is 

generally made up of a mosaic of stand ages and forest types. Historic patch sizes were variable within 20 

to 200 acre patches created by mixed and lethal fires. Structure is variable with gaps to large even-aged 

single storied patches. Desired basal area densities are 80 to 120 sq. ft./ac. Coarse woody material 

naturally occurs on these sites at 10-20 tons/acre. 

 

Comparison of Current to Desired (Reference) Conditions: Frequent low and mixed severity fires, 

and infrequent large-scale stand-replacing fires have been eliminated from this landscape for at least 200 

years. The result is much denser stands (+120 square feet of BA) than the desired condition that have a 

much higher species composition of DF and less of PP overstory (than the desired condition) with dense 

thickets of Douglas-fir and grand fir to a lesser degree in the understory (see Tables 3.7 and 3.8). Stands 

generally consist of even-aged or two-aged stands. A high buildup of ground and ladder fuels has 

occurred over the majority of this type, due to mortality and the lack of mixed lethal fire.   

 

Past timber harvest in this more productive VRU is shown in the high percentage (27%) of early 

successional class in this VRU. A low percentage (10%) of very late successional is a result of this past 

timber harvest and the 1889 burns. In addition, the early logging of 1910 and 1920s focused on the 

removal of the large diameter older timber leaving the younger co-dominates. Currently 45% is in the late 

successional stage in this VRU.    
 

VRU4N 
Moderately Warm and Moist Habitat Settings, Fire Regimes V 

VRU 4N occurs on 8,133 acres of the analysis area. VRU4N is ecologically influenced by the moderating 

effects of the inland maritime climate (USDA 1999). In this analysis area, it is typically bounded by 

warmer and drier upland sites (e.g. VRU 2 and 3). Large valley bottoms were often composed of fairly 

open grown, mature WL with younger LPP, Douglas-fir and grand fir in the understory. Upland sites had 

a mixed species composition with a narrow age class distribution and few canopy strata (USDA 1999).  

 

Grand fir is common in many areas of this VRU, however due to slower initial establishment and growth; 

it is usually subordinate to Douglas-fir and western larch. Douglas-fir is a major seral on most sites. 

Engelmann spruce and lodgepole pine occur on the wet, colder habitat types. Western larch occurs 

sporadically other than where fire created desirable conditions. Western white pine and ponderosa pine 

are scattered but are a minor component. Western redcedar and western hemlock appear as incidentals. 

Historically, fires occurred as high severity, stand replacing fire, on a frequency of 200+ years with an 

average fire return interval of 223 years. These fires typically kill more overstory than the mixed severity 

burns, and average 77% stand replacement. High severity fires burn in a mosaic creating larger patches of 

openings and leaving variable portions of the forest structure intact. Quite often, unburned patches occur 

in predictable micro-sites. The function of high severity, non-uniform burns is to replace the existing 

stand and move the vegetation back to the early seral stage. Fire suppression activity has resulted in little 

disruption to the high severity fire regime in these areas. This VRU has a higher potential for insects and 

disease outbreaks due to the longer fire free intervals and high densities of shade tolerant trees.  

Comparison of Current to Desired (Reference) Conditions: Effective fire suppression and reduction 

has altered the species composition and stand structure in some of the areas. The stand structure has 

changed from mid and late development open stands of large WL and WWP to two to three storied stands 

composed of predominately WL, DF, grand fir, hemlock, LPP and Engelmann spruce. The lower canopy 
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is frequently composed of an understory of smaller grand fir and hemlock with some western redcedar. 

Based on FSVeg Stand data of stand in VRU4, there is currently minimal very late successional (7%, 

151+ year old age class). There is 20% in the early successional due to past harvest and past fires. A 

majority of the area, 57%, is represented by the late successional (between 101 and 150 year old age 

class) and 16 % is mid-succession (40-100 year old class). Multi -storied stands do not occur due to fire 

suppression eliminating the mixed severity fires. Western white pine is not common. 

 

Fire, including moderately frequent mixed severity with infrequent, large scale stand-replacing events, is 

the primary ecological process that developed patch size in this area. Populations of native plants and 

animals have responded and adapted to this disturbance process, and associated patch size. Species 

abundance and distribution are a result of these dynamic processes, and the resulting vegetation patterns.  

Historic patch size varied from 100 to up to 10,000 acres. The higher patch size was generally on the 

steeper slopes that maintained the lodgepole pine type. The majority of the harvest within this area on 

NFS lands has fragmented the landscape due to the 40 acre opening limitation.   

 

VRU5N 
Moderately Cool and Moist Habitat Settings, Fire Regimes V 

VRU5N occurs on 946 acres of the analysis area, at 1%, it occupies the second smallest percentage of the 

analysis area. This VRU has some of the highest biological productivity on the Forest and occurs 

commonly along benches, stream bottoms and many of the mid-slope settings. VRU5N is ecologically 

influenced by the moderating effects of the inland maritime climate, and is typically bounded by more 

moderate sites (VRU3 and VRU4) and some cooler sites (VRU7). The environmental conditions within 

VRU5N and VRU5S are very favorable for vegetation growth, species diversity and habitat variety. 

Species found in low elevation riparian zones and moist slopes found in VRU5N are: mature western 

redcedar and western hemlock, with co-dominant Douglas-fir and western larch. 

 

In general, fires in VRU5N can be characterized as non-uniform with infrequent but often extensive stand 

replacing fires on an average frequency > 200 years. Historic patch sizes ranged from 100 to 300 acres or 

larger. The more exposed upper slope ridges and the more protected riparian areas, north slopes, toe 

slopes and benches are the areas with the highest likelihood of avoiding lethal fires (Zack 1994).   

 

Comparison of Current to Desired (Reference) Conditions: Effective fire suppression and reduction 

has altered the species composition and stand structure in some of the areas. The stand structure has 

changed from mid and late development open stands of large western larch and western white pine to two 

to three storied stands composed of predominately western larch, Douglas-fir, grand fir, hemlock, 

lodgepole pine and Engelmann spruce. The lower canopy is frequently composed of an understory of 

smaller grand fir and hemlock with some western redcedar. Multi -storied stands do not occur due to fires 

suppression eliminating the mixed severity fires. Western white pine is not common. 

 

Fire, including moderately frequent mixed severity with infrequent, large scale stand-replacing events, is 

the primary ecological process that developed patch size in this area. Populations of native plants and 

animals have responded and adapted to this disturbance process, and associated patch size. Species 

abundance and distribution are a result of these dynamic processes, and the resulting vegetation patterns.  

Historic patch size varied from 100 to up to 300+ acres. The higher patch size was generally on the 

steeper slopes that maintained the lodgepole pine type. The majority of the harvest within this area on 

NFS lands has fragmented the landscape due to the 40 acre opening limitation.   

 

Based on FSVeg stand data, of the 946 acres of suitable timber in VRU5N there is currently and minimal 

very late successional (5%, 151+ year old age class) and a high percentage in the early successional (31%, 

0-40 year old age class). A majority of the area is represented by 54% mid-to-late-succession (9%, 

between 101 and 150 year old age class).  
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VRU7 
Cool and Moist Habitat Settings, Fire Regimes III and IV 

VRU7 occurs on 22,453 acres of the analysis area. This VRU occurs in the upper basins of each of the 

drainages. This landscape is typically bordered by warmer sites (VRU 5) and cool, drier subalpine sites 

(VRU 9) and includes characteristics of each. Vegetation productivity is moderate to high due to the high 

moisture-holding capacity and nutrient productivity of loess deposits, adequate precipitation and a good 

growing season. The predominant conifer species are subalpine fir, lodgepole pine, Engelmann spruce, 

with white pine, Douglas-fir and western larch. 

 

Moisture and temperature gradients create a complex influence on the fire ecology and the vegetation 

response in VRU7. Fires in this VRU generally burn non-uniformly and are more intense but less frequent 

than that of VRU 9. Research demonstrates that infrequent stand replacement fires on a 100+ year fire 

return interval (Arno and Davis 1980) were the most common, occurring within a mosaic of nonlethal and 

mixed lethal burning. Well-drained upland sites experienced a higher percentage of stand replacement 

fires. 

 

Cool and moist conditions, coupled with broken topography and lush understories, undoubtedly limit fire 

spread and create non-uniform conditions. With fuels drying out slowly, under most conditions, fires 

either burn very small areas or burn large areas in a patchy pattern (Smith and Fisher 1997). However, 

because much of this VRU is relatively narrow and is often flanked by riparian areas this fire regime is 

strongly influenced by that of neighboring landscapes.  

 

This VRU is a combination of Fire Regime IV and V. Fire Regime IV is a high severity, stand replacing 

fire, on a frequency of 35 to 100+ years with an average return interval of 111 years. These fires typically 

kill more overstory than the mixed severity burns. High severity fires burn in a mosaic creating larger 

patches of openings and leaving variable portions of the forest structure intact. Fire Regime V is a high 

severity, stand replacing fire, on a frequency of 200+ years with an average fire return interval of 223 

years. These fires typically kill more overstory than the mixed severity burns, and average 77% stand 

replacement.   

 

Comparison of Current to Desired (Reference) Conditions: A huge impact in this VRU occurred with 

the MPB infestation of the late 1970s and early 1980s and the timber harvest that followed. Many acres of 

LPP in the acres were killed. Shortly following the infestation, the Dry Fork Fire of 1988 occurred in the 

project acres in this VRU. Salvage of mortality from the MPB and fire killed timber resulted in 27% of 

the NFS land being harvested during the 1980s to 1999, with 15% of the area resulting in a regeneration 

harvest. Much of these treatments occurred in the upper basins of the drainages in this VRU that carried a 

high percentage of LPP. Some current patterns of natural disturbance in the analysis area are consistent 

with those described for desired conditions of the broader geographical area. However, the result from the 

majority of the past timber harvests is a fragmentation of the landscape. FS policy and the NFMA 

direction limiting opening size to 40 acres in areas that historically had patch size of up to 10,000 acres, 

has resulted in a fragmented landscape with scattered openings that are much smaller than desired 

conditions. 

 

Uncharacteristic vegetation-fuel conditions in this VRU are generally the result of the mortality in the 

LPP in areas that have not been harvested and lack of western white pine in the moister sites. The older 

WL component in stands is decreasing due to age and mistletoe and the older DF component is also 

decreasing due to Douglas-fir beetle and some root disease. Increases in subalpine fir and Engelmann 

spruce with some grand fir increasing. Many of the western larch forest type stands are in plantations 

ready for commercial thinning.      

 

Based on FSVeg stand data, there are 22,453 acres in VRU7, of which there is currently a high percentage 

(39%) in the early successional stages (0-40 year old age class), and minimal very late successional (8%, 
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151+ year old age class). Mid-succession (40-100 year old age class) is 9%. The majority of the area 

(44%) is represented by the late successional (between 101 and 150 year old age class).    
 

VRU9 
Cool and Moderately Dry Habitat Settings, Fire Regimes III and IV 

VRU 9 occurs on 10,252 acres of the analysis area. These sites are generally found on rolling ridges and 

upper reaches of mountain slopes generally above 4,400 feet in elevation. This VRU occurs on all aspects 

in the lower subalpine zone on gentle to moderately steep slopes. The climate is characterized by a short 

growing season with early summer frosts. Soils are generally from loess overlying glacial tills. Vegetation 

productivity is moderate to high depending on the aspect and soil moisture-holding capacity. These 

settings are very suitable to lodgepole pine and subalpine fir, the most common conifers, with scattered 

Douglas-fir and larch.  

 

This VRU is a combination of Fire Regime IV and V. Fire Regime IV is a high severity, stand replacing 

fire, on a frequency of 35 to 100+ years with an average return interval of 111 years. These fires typically 

kill more overstory than the mixed severity burns. High severity fires burn in a mosaic creating larger 

patches of openings and leaving variable portions of the forest structure intact. Fire Regime V is a high 

severity, stand replacing fire, on a frequency of 200+ years with an average fire return interval of 223 

years. These fires typically kill more overstory than the mixed severity burns, and average 77% stand 

replacement.   

 

Lethal and moderately severe fires often create pure even-aged stands of lodgepole pine, as did the fire of 

1910. Patch size resulting from stand-replacement events were typically 5,000 to 100,000 acres (USDA 

1999). The fire return interval for these large non-uniform fires ranged from 100 to 115 years. The mixed 

severity, non-uniform fires ranged between 50 and 300 acres, on an fire return interval of 50-71 years.  

 

Comparison of Current to Desired (Reference) Conditions: A big impact in this VRU occurred with 

the MPB infestation of the late 1970s and early 1980s and the timber harvest that followed. Many acres of 

LPP in the acres were killed. Shortly following the infestation, the Dry Fork Fire of 1988 occurred in the 

project acres in this VRU. Salvage of mortality from the mountain pine beetle and fire killed timber 

resulted in 27% of the NFS land being harvested during the 1980s to 1999. Of this 27%, 15% of the acres 

within the analysis area resulted in a regeneration harvest. Some of these treatment occurred in this cool 

and moderately dry VRU however a greater percentage of the LPP salvage occurred on the more 

productive ground of VRU7. Some current patterns of natural disturbance in the analysis area are 

consistent with those described for desired conditions of the broader geographical area. However, the 

result from the majority of the past timber harvests is a fragmentation of the landscape. FS policy and the 

NFMA direction limiting opening size to 40 acres in areas that historically had of up to 10,000 acres, has 

resulted in a fragmented landscape with scattered openings that are smaller than desired conditions. 

 

Stand structure is more uniform and less storied, with less shrub field development. Stands have fewer of 

the large, old overstory trees due to insects, disease, and the fire of 1889. There is more homogeneity as 

patch sizes are getting smaller and more isolated and there is more uniformity in size and age classes of 

stands. Western spruce budworm is common, which is a typical result of dense stocking of shade tolerant 

trees.  

 

Based on FSVeg stand data, there are 10,252 acres in VRU9 of which there is currently 27% in the early 

successional stages (0-40 year old age class) however, only 1% are in the 0-10 year age class. Currently 

there is 10% in the very late successional (151+ year old age class) which is within the desired condition. 

Mid-succession (40-100 year old age class) is 11%. The majority of the area (50%) is represented by the 

late successional (between 101 and 150 year old age class).   

Refer to NFMA Report in the project file for a desired future condition and restoration strategy by VRU.  
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ENVIRONMENTAL CONSEQUENCES  
This section analyzes potential environmental effects related to proposed activities, and provides contrast 

between the various alternatives described in Chapter 2 of this document. The successional conditions 

predicted represent the most logical pathways given the existing conditions of stands in the analysis area. 

Where the effects of the proposed treatments are very similar, the disclosures are combined. These 

potential effects include direct, indirect and cumulative effects, in full compliance with the National 

Environmental Policy Act (NEPA) and related law, regulation and policy. This section will also display 

how each alternative addresses the purpose and need of the project and the major issues identified. The 

effects of Alternative 1, the no-action alternative, are evaluated at the same level of detail as the action 

alternatives, to provide a baseline for comparison. Cumulative effects are described and evaluated by 

putting into context the effects of the proposed action with other past, present and reasonably foreseeable 

actions. 

 

Past Regeneration Treatments on NFS lands amount to approximately 20,325 acres or 26% of NFS 

lands. This has created a mosaic of openings in a densely forested landscape. All of the regeneration 

harvests are in a stand initiation stage, are fully stocked and include a component of intolerant species 

consistent with VRU objectives. Due to the NFMA requirements that preclude openings in excess of 40 

acres, combined with KNFP opening size standards, all existing treatment areas are less than 40-acre 

openings. The average patch size of the regeneration openings and the location of these patches are not 

consistent with historic patch sizes and distribution of openings. The effects of these openings are 

increased amount of edge effect, and increased fragmentation from what would have occurred 

historically.   
 

Past regeneration harvest on Plum Creek Timber Company (PCTC) lands (2,182 acres) and State of 

Montana Department of Natural Resources and Conservation (DNRC) (1,943 acres) have also created a 

mosaic of openings, and reduced stand density in a densely forested landscape. Many of these are 

connected, and are within the historic patch size on the moist types but on the drier VRU 2 and 3 the 

patches are larger than historic.   

 

Past Intermediate Harvest (14,742 acres) on NFS lands have changed composition, structure and 

potentially function by removing the larger more intolerant species. Prior to the 1990s, most of the 

intermediate treatment was a liberation harvest that removed the larger intolerant species and relic trees.  

Changes in species composition and structure is trending to a higher than historic component of smaller 

mid-tolerant to intolerant trees with increased ladder fuels. Despite the removal of the overstory, past 

intermediate harvest on NFS lands have generally maintained more intolerant species than private lands. 

In the 1990s most of the intermediate harvest was a commercial thin that retained the best quality of the 

intolerant western larch, ponderosa pine and Douglas-fir.   
 

Past intermediate harvest on PCTC (3,543 acres) and DNRC (3,693 acres) has also changed stand 

composition, structure and function by removing the larger intolerant trees as well as much of the co-

dominant intolerant trees leaving stands that are often dominated by the mid-tolerant Douglas-fir and 

intermediate western larch and ponderosa pine as well as a component of other tolerant species. These 

stands are generally more open than the stands with intermediate treatment on NFS lands, and most are 

regenerating to mid-tolerant and tolerant species in the understory.   
 

Refer to the harvest by decade Table 3.1 of this report. This information has been incorporated into the 

existing condition analysis.   

 

Past Slashing and Underburning (16,030 acres): The effects of the slashing and underburning have 

decreased the understory component of Douglas-fir, reduced stand density and restored fire on the 

landscape. This treatment improved stand conditions and increased resilience to potential climate change 

by reducing stocking, decreasing within stand stress, decreasing ladder fuels and increasing species 

composition of intolerant ponderosa pine and western larch. This burning was the first step, but much of 

the acreage is still overstocked with smaller Douglas-fir, and would take additional treatment to move the 
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stands to desired conditions. The majority of this burning was within VRU 2S and VRU 3, treating 

approximately 43% of these dry VRU groups within the analysis area. These actions have been 

incorporated into the existing condition analysis. 

 

Weed Control: Spraying with herbicide to control weeds has been ongoing since the mid-1990s. The 

effects of past herbicide treatments have reduced the existing noxious weed infestations, but have also 

decreased native shrubs and forbs, and potentially increased native and non-native grasses. These effects 

are primarily associated with roadside corridors. Approximately 183 acres were sprayed in the Cripple 

Planning Unit (Weeds Project File) in 2010.  

 

Reasonably Foreseeable Actions 

DNRC: Table 3.3 shows the foreseeable activities within the next ten years on DNRC lands within the 

East Reservoir analysis area. This information was requested from the DNRC when the analysis of this 

project began. The planned 198 acres of regeneration harvest on DNRC lands are within the warm and 

moist VRU 4. The regeneration harvest on DNRC lands is consistent with restoration objectives for 

species composition, but may not be consistent in patch size.  
 

Precommercial Thinning: Approximately 760 acres of precommercial thinning has been approved and 

let out on contracts in the Cripple Horse and Canyon Creek drainages. This thinning would be on-going 

over the next 5 years.   
 

Forestwide Fuels: The three Forestwide Fuels (FWF) units (2001 Forestwide Fuels Reduction and 

Wildlife Habitat Enhancement EA) that were slashed in 2011 would be underburned between 2013 and 

2015 (910 acres). The effects of the additional underburning in the Forestwide Fuel units, would decrease 

the understory component of Douglas-fir, reduce stand density, and restore fire at a moderate scale on the 

landscape. This treatment would improve stand conditions and increase resilience to potential climate 

change by reducing stocking, decreasing within stand stress, decreasing ladder fuels and increasing 

species composition of shade intolerant ponderosa pine and western larch. Between the planned 980 acres 

and the existing 16,030 acres, approximately 46% of the drier VRUs within this analysis area would be 

treated. Additional burning or stand density reduction would be required on many of these stands to move 

the stands to desired conditions.  
 

Actions on Private Lands: Continued development of private lands within the analysis area is expected.  

Development is expected to include commercial timber harvest, land clearing, home construction, road 

construction, septic field installation, water well drilling, livestock grazing and stabilization of migrating 

stream banks.  
 

Fuel Reduction: Small fuels reduction projects may be authorized in the analysis area through separate 

decisions.  
 

Road Activities: Routine road maintenance is likely to occur as needed on existing roads in the analysis 

area. The roads most likely to receive maintenance are those open yearlong to vehicle traffic. Typically, 

these activities do not affect vegetation other than potential weed spread. 
 

Fire Suppression Activities: If conditions are such that there are fire starts within the analysis area, 

efforts would be made to suppress fires. It is important to clarify that not all fires are extinguished or 

actively suppressed. Depending on conditions analyzed during a wildfire, some fires are monitored and 

managed and allowed to burn in prescribed areas.  
 

All alternatives include timber harvest units, precommercial thinning, natural fuel reduction units and 

other activities as described in Chapter 2. The various alternatives have been described in Chapter 2 and 

this information will not be repeated here. 

 

ALTERNATIVE 1 (No -Action) 

Direct and Indirect Effects 
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The effects of the no-action alternative provide a baseline from which to compare the action alternatives 

relative to fulfilling the purpose and need of the project. The following trends have been discussed 

previously in the Affected Environment section. 
 

No prescribed burns (except FWF units), tree harvest or fuels reduction would take place with this 

alternative other than those described in reasonably foreseeable actions. Species composition, density and 

successional stages would continue to trend away from desired conditions. Only natural processes and fire 

suppression would occur, dramatically affecting the stand density, species composition and forest 

succession and health as described previously. This alternative would not contribute to the purpose for 

this project. Specifically, it would not create vegetation patterns and structure in-line with desired 

conditions, reduce fuel near private land and promote fire-adapted species. Stands dominated by mature 

Douglas-fir or LPP would not benefit from silvicultural treatments to reduce stand densities, improve 

growing conditions and increase the diversity of tree species in the area. Nor would these stands benefit 

from increased successional stage diversity in the analysis area, or improve forage production and quality 

through the use of such treatments as commercial timber harvest, slashing and prescribed fire. Also, this 

alternative would not meet the purpose and need to provide local employment related to forest 

management and restoration activities and to supply forest products. 

 

Fire Ecology and Forest Resiliency 

With continued fire suppression and lack of prescribed fire understory trees would continue to grow into 

the general canopy as well as expand in scope. This condition, with continued encroachment of fire 

intolerant species, would potentially increase fire severity. The quality and quantity of wildlife forage 

would continue to decline. It is important to clarify that not all fires are actively suppressed. Depending 

on conditions analyzed during a wildfire, some fires are monitored and managed and allowed to burn 

within prescribed areas.  
 

The current outbreak of MPB (around the state) would continue to impact the immature and mature, 

overstocked stands of PP and LPP that were not infested in the previous epidemic. Western larch would 

not be restored to more historic levels in the lower elevations of the analysis area. Species diversity would 

not increase without timber harvest and planting of western white pine, ponderosa pine and western larch. 

Western spruce budworm would likely remain as an endemic insect in the analysis area. Defoliation of 

understory trees would continue; but as stated earlier, little mortality is expected in the overstory of most 

stands. Root disease would likely increase with increasing density; increasing competition and increasing 

amounts of tolerant species.   
 

Prescribed fire would not be implemented and managed and fire would not be used as a process to 

improve ecological integrity. Dryland areas would continue to decline in forage quantity and quality, and 

hiding cover would increase above desired conditions on the big horn sheep range.  

 

Carbon Flux 

Those forest stands not affected by recent disturbance events, such as trees killed by wildfire, insects or 

diseases, are likely net carbon sinks at this point in their development. Under the no-action alternative, 

they would continue as sinks until the next disturbance event occurs. Over the long-term (centuries), net 

carbon storage is often zero if stands regenerate, because re-growth of trees recovers the carbon lost in the 

disturbance and in decomposition of trees killed by the disturbance (Kashian et al. 2006).  

 

Climate Change 

The long-term health of ecosystems may be dependent on the resilience of ecosystems to potential climate 

changes and the associated climate-related disturbances. Resilience to potential climate change is 

generally compatible with maintenance of reference and identified desired conditions. But in addition to 

maintaining resilience to fire, resilience to climate change may require increased forest structural 

diversity. This would include maintenance of rare habitats and structures, which may potentially be 

eliminated by climate change; maintaining connectivity for species movement to allow animals and plants 

to relocate as suitable habitat moves north or south, or up or down in elevation; and increasing resilience 
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changes in natural disturbance processes. These processes could include increases in insects and disease, 

larger fires, longer fire seasons, and fires in higher elevation areas.  
 

Another potential ecosystem change as a result of changing climate is expansion of some vegetation types 

or habitats and reduction of others. Even if maintenance of current native communities becomes 

impossible with climate change, maintenance of regional biodiversity and ecosystem function is 

important to promote resiliency on a larger scale (Fox 2007). An integrated ecological approach for 

managing future landscapes using options that include enhancing resistance to climate change, promoting 

resilience to change, and enabling ecosystems to respond to change, balanced with societyôs demand for 

resources may be required to create landscapes that are sustainable, ecologically viable, and acceptable to 

society (Keane 2009).  
 

The potential for increased insect levels in untreated stands with predicted climate change is high. Forest 

pests are an important indicator species for assessing climate change. Assessing pest species response to 

climate change indicates intensification in all aspects of outbreak behavior, particularly with mountain 

pine beetle, gypsy moth, spruce beetle and spruce budworm (Logan 2003, pg. 135, 136).  

 

Potential for Increased Insect and Disease Activity 

Disturbances caused by insects and diseases occur in all terrestrial ecosystems. Insect and disease are 

important causes of small to large gaps in forest canopies. They can affect major structural or species 

changes in the ecosystem. FS reports have consistently shown insects and pathogens cause more loss than 

any other damaging agent, including fire. Insects and pathogens often interact with each other as well as 

with climate and fire. Past management practices may increase the frequency, intensity and extent of 

many outbreaks. Such practices include harvest beyond historic rotation ages for a given species, 

removing intolerant species and leaving tolerant species not removing diseased overstory trees and 

suppression of fires. The widespread droughts of the late 1980s to present preceded and predisposed vast 

areas in the west to insect and pathogen attack (Haack and Byler 1993). Fire suppression increased stand 

densities that in turn indirectly increased insect and disease populations.   
 

As untreated stands, within the East Reservoir analysis area, progress towards more shade tolerant 

species, insect and disease occurrences are likely to increase. Grand fir and DF are more susceptible to 

root and stem decays than are more shade-intolerant species such as WL and PP. On the warm and dry 

sites, these shade tolerant species would likely be less resistant to insect and disease impacts due to 

moisture stress during the warm periods of the year. On a given site, the tolerant species are more nutrient 

and moisture demanding, thus more likely to be stressed on these lower productivity sites and during 

times of drought. They are therefore predisposed to insect and disease attack due to stressed conditions. 
 

Although it is difficult to quantify the increased risk and effects of defoliators, root disease, bark beetles, 

etc., that would result in a tolerant stand on a given site, experience on the Boise National Forest, the 

Idaho Panhandle and the Blue Mountains, shows that vast acres could be lost through insect and disease 

followed by a high probability of catastrophic fire. Significant problems in these climax species stands 

started within 60-80 years following fire suppression and harvest activities that increased the tolerant 

species component.  

 

Forest Ecology by Vegetation Response Unit 

The following discussion highlights the changes that are expected to occur, without the proposed 

silvicultural treatments, within the analysis area. The description of successional pathways outlines stand 

development that would ordinarily follow natural disturbance processes that include wildfire, insect and 

disease impacts, blowdown, etc. The descriptions recognize the existence of mosaic or patchy conditions 

that represent variation in species composition, forest types and stocking levels. Assuming that traditional 

fire suppression would continue, the successional development that is described for the no-action 

alternative would not be consistent with ecological processes and would continue the trend of moving 

outside of reference ranges.  
 

Moderately Warm/Dry and Moderately Warm/Moderately Dry Habitat (VRU2 and VRU3):  These 
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forest settings have historically experienced frequent, low intensity and mixed severity fires as a 

predominant natural disturbance. Forest species composition, density and succession are driven by 

disturbance, which can influence ecosystem resiliency. Without disturbance to open the stand structure 

for reintroduction, representation of ponderosa pine would continue to decline. Ponderosa pine would 

become a smaller percentage of the species composition as the Douglas-fir and grand fir become more 

established, especially with mortality from MPB. High densities on these sites would further reduce the 

ponderosa pines vigor and resistance to attacks from mountain pine beetle. Western larch species 

composition would remain very low as this species is not restored onto the site from historic logging. 
 

Without fires or associated management actions that disturb portions of the landscape, the extent and 

intensity of insects and pathogens would undoubtedly increase and result in a forest composition that is 

less resilient. These consequences may lead to a reduction in site quality and continued shift in species 

composition. In some stands, the grand fir and Douglas-fir have the physical characteristics that are 

attractive to western spruce budworm and Douglas-fir beetle. This situation is often the result of 

stagnated, overstocked and multi-storied conditions. 
 

As this area and these conditions border private landowners and important wildlife winter ranges, the 

importance of assessing the risks of no-action becomes all the more relevant. A decision not to take action 

in these specific conditions would not enable the natural process of fire to be re-introduced onto the 

landscape. Fuels reduction in the private land/forest interface would not be reduced. Habitat diversity 

would not be enhanced, resulting in more continuous forest patches with less horizontal diversity. 

 

Moderately Warm/Moderately Cool and Moderately Warm/Moist Habitats (VRU4 and VRU5): In 

comparison with many of the other habitat settings, the influence of no-action and continued fire 

exclusion on vegetation in many moist landscapes is less significant in the short-term, due to the 

inherently long fire-free interval. Moist sites found in VRU4 and VRU5 are characterized as having 

moderate frequency mixed severity fires, and infrequent stand replacement fires within a range that is 

similar to desired levels. In time however, it is expected that no action and continued fire suppression 

would promote larger stand replacing fires than typical as forest homogeneity increases. 
 

No-action and continued fire suppression would continue to move Douglas-fir and grand fir composition 

towards a greater proportion of mid-tolerant and shade tolerant species, which are not as adaptable to fire. 

Insect and disease problems can become more significant as forest conditions age, particularly with root 

disease, dwarf mistletoe and bark beetle.  
 

The no-action alternative would limit the opportunity to restore impacted areas to a fire-adapted species 

composition with greater resiliency to root disease, bark beetle and western spruce budworm. In the near 

future, the stands at risk would likely be those currently in overstocked conditions where tree vigor is 

typically low. As a result, overall landscape diversity could be reduced for some time due to less age class 

diversity and more fuels continuity.  
 

Dwarf mistletoe in western larch has become more significant in some areas with the absence of fire, the 

age of the trees and continued infestation of mistletoe on understory western larch. Under Alternative 1 

(no-action), these trends would continue and without restoration, these important cover types are at 

considerable risk. Where loss of western white pine due to blister rust has occurred, reforestation with 

genetically improved seedlings would not occur. In addition, western white pine is a generalist meaning 

that it does not have specific elevational bands (climate bands) where it grows. Diversifying forests where 

possible with western white pine provides flexibility for unknown environmental conditions such as 

climate change. This diversification would not occur in the no-action alternative.  

 

Cool and Moist Habitat (VRU 7): As with VRU4 and VRU5, vegetation trends do not appear as rapidly 

as dry forest types due to the infrequent nature of stand replacing disturbances. As a result, the effects of 

no action and continued fire exclusion would be gradual. No action and continued fire suppression would 

minimize the extent of mixed severity fires, aiding the decline of stand structure variety and increased 

proportion of fire-intolerant species. Intermediate sized western larch, Douglas-fir and some white pine 
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are usually favored in the mixed severity fires.  
 

A gradual shift in species composition and higher stocking levels could result in insect and disease 

problems due to low tree vigor. On sites where fire-resistant species are being replaced by shallow-rooted, 

thin-barked species, there is the potential for a loss of shallow fine roots following a surface fire. This 

increases the susceptibility to stress and direct entry of root and stem pathogens. Fire-resistant species 

have lower susceptibility to long-term soil damage from fire as roots are deep and bark is thick. Root 

disease is expected to continue being a cause of mortality in Douglas-fir and grand fir overstory. 

Blowdown is more significant in root-disease affected areas and in spruce stands. 
 

Reforestation with genetically improved seedlings would not occur. In addition, WWP is a generalist 

meaning that it does not have specific elevational bands within species as with most other conifer species.   

Diversifying forests where possible with WWP provides flexibility for unknown environmental 

conditions such as climate change. This diversification would not occur in the no-action alternative.  
 

Continued interruption of the natural fire cycle, particularly of mixed severity type, would result in higher 

stand densities and more continuous, heavy fuel conditions across most of this setting. While not readily 

apparent, this condition would lead to more intense stand replacement fires. In particular, heavily stocked, 

pole-sized stands have a high crown fire potential (Davis et al. 1980). A high intensity fire would kill 

almost all trees in this mid-seral development stage. This could result in a shift back to the herb/shrub 

phase or facilitate the development of LPP stands. If an area experiences a re-burn within a relatively 

short interval, the site may revert to a brush field, particularly habitat types such as mid- to upper 

elevation subalpine fir stands. Neither western larch nor lodgepole pine would likely survive high severity 

fires in the pole stage.    

 

Cool and Moderately Dry Habitat (VRU 9): Under the no-action alternative, shifts in vegetation 

patterns, increased fuel loadings and changes in species composition would continue to occur. Mature 

LPP stands are prime targets for MPB infestation. Given the age of the current LPP stands and the 

presence of MPB, the stands would continue to decline. This condition would greatly increase the 

probability of a stand replacement fire, as fuel loadings would be significant. Between significant fire 

events, lodgepole pine would be replaced by subalpine fir and Engelmann spruce that fill into open 

growing space. Where it is not frost stunted, some low elevation sites would occasionally have Douglas-

fir persist as a seral dominant. The succession to climax dominated by subalpine fir is often very slow 

either because of lack of seed source or apparent low vigor. With time, surviving lodgepole pine increase 

in growth and become susceptible again to bark beetle attack. 

 

Contributions to a Sustained Yield of Timber There would be no intermediate or regeneration harvest 

or precommercial thinning on NFS lands if the no-action alternative is selected. Up to 49 million board 

feet (MMBF) of timber would not be available for utilization by timber dependent industries or as 

products for the general public. The long-term growth and health of timber on suitable management areas 

would not be optimized, and the risk of loss through large scale insect and disease or fire would increase. 

This alternative is not consistent with KNFP goals for timber or fuel management.  

 

ACTIVITIES and FEATURES COMMON to ALTERNATIVES 2 and 3  

Timber Harvest, Precommercial Thinning and Fuel Treatment Activities: See Chapter 2 and the 

vegetation project file for harvest method by unit by alternative. Placement of harvest and stand 

improvement treatment locations were designed with consideration to landscape and stand treatment 

need, opportunity to restore desired species composition, opportunity to restore density to desired 

condition levels, opportunity to improve stand and landscape resilience to disturbance including insect 

and disease, fire and potential climate change and other resource needs. On the dry land, harvest and 

improvement treatments focus on restoring desired conditions such as restoring resilient stands of 

intolerant species, and buffering old growth, replacement old growth and important riparian habitat with 

fuel treatments. On the moist forest types, harvest treatment locations were chosen by blocking areas 

close to past harvests where feasible, restoring resilient stands of intolerant species, buffering old growth, 
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replacement old growth, and riparian areas with fuel treatments where feasible within other resource 

needs. Through these considerations, all alternatives meet the objectives of restoring desired conditions 

and resilient species and forest structures, increasing average patch size, maintaining forest connectivity, 

reducing fragmentation and buffering important habitat with fuel treatments to some degree.  
 

Stand Improvement (Intermediate Harvest): The improvement treatments are located in stands of 

moderately warm Douglas-fir types within VRU 2, 3 and 4 that have higher than desired condition 

density stocking or fuels. The moderately dry Douglas-fir types would be opened up to a BA of 50-70 

square feet, and the moist VRU sites would be opened up to a BA of 70-90 square feet. An improvement 

treatment would remove the majority of the tolerant trees, the smaller DF and grand fir and any insect or 

disease infested trees. Co-dominant PP, WL and Douglas-fir overstory would be retained. Following 

treatment, there may be pockets of openings, but these would not exceed 15-20% of the stand. Some 

commercial harvest treatments in the drier VRUs may be followed by slashing and underburning. 
 

Improvement Harvest with Shelterwood with Reserves: This treatment would occur in moderately dry 

to moist stands that have higher than historic stocking and or fuels. These sites would be opened up to an 

average BA of 40-50 square feet on the dry sites and 50-70 BA on the moist sites. The treatment would 

remove the shade tolerant and mid-tolerant species, and insect and disease infested trees, the smaller 

intermediate intolerant trees, and leave the majority of the co-dominant PP and WL. Up to 40% of the unit 

may be in shelterwood openings (25-40 BA) within these units. Shelterwood openings would occur in 

areas with stagnant DF, grand fir, hemlock, cedar or LPP that lack acceptable leave trees and areas with 

heavy insect or disease infestations. These openings would be planted with ponderosa pine, western larch 

or western white pine seedlings. The objective is to improve stand conditions and increase resilience by 

reducing stocking, decrease within stand stress, decrease ladder fuels, decrease insect and disease and 

increase the component of ponderosa pine and western larch through improvement and regeneration.       
 

Future Management of Stands with Improvement Treatment: To meet the objectives of a fire 

resilient landscape over time, continued stand tending activities would occur on these sites. Treatment 

would include periodic slashing of tolerant in-growth to reduce natural fuels and fuel ladder conditions.  

Periodic commercial harvest may be required to maintain the open stand conditions over time as the 

residual stands increase in basal area and crown canopy. Depending on the health, vigor and species 

composition of these stands some may be treated with a regeneration harvest within the next 20-40 years 

and some of the stands with a good component of healthy intolerant species may be managed for future 

old growth replacement.    
 

Shelterwood Harvest with Reserves: The purpose of the treatment is to reduce natural fuels (including 

heavy down LPP), initiate early successional conditions, restore PP, WL, WWP and improve stand and 

landscape conditions consistent with desired condition processes. Approximately 20-40 feet of BA of 

western larch, DF and PP would be retained for seed, structure, shade, genetic seed reservoirs, relic 

overstory and future snag replacements. The shelterwood treatment would create a regeneration opening. 

Planting of western white pine, ponderosa pine and or western larch is planned to restore these species, 

increase stand resilience to potential climate change and assure regeneration on these sites.     
 

Seed Tree with Reserves: The purpose of the treatment is to reduce natural fuels (including heavy down 

lodgepole pine), initiate early successional conditions, restore ponderosa pine, western larch, western 

white pine, and improve stand and landscape condition consistent with historic processes. Approximately 

10-25 feet of BA (a minimum of 10 TPA) of western larch, Douglas-fir and ponderosa pine would be 

retained for seed, structure, shade, genetic reservoirs, relic overstory and future snag replacements.  

Planting of western white pine, ponderosa pine and/or western larch is planned to restore these species, 

increase stand resilience to potential climate change and assure regeneration on these sites.     
 

Clearcut with Reserves: The purpose of the treatment is to reduce natural fuels (including heavy down 

LPP), initiate early successional conditions, restore ponderosa pine, western larch, western white pine and 

improve stand and landscape conditions consistent with historic processes. While they would not be 
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retained to re-seed the stand, approximately 4-8 trees per acre of western larch, Douglas-fir and ponderosa 

pine would be retained for structure, shade, genetic reservoirs, relic overstory and future snag 

replacements. Planting of western white pine, ponderosa pine and or western larch is planned to restore 

these species, increase stand resilience to potential climate change and assure regeneration on these sites.  
 

Future Management of Stands Proposed for Regeneration Harvest: To meet the objectives of a fire 

resilient landscape over time, continued stand tending activities would occur on these sites. Treatments 

may include precommercial thinning at age 15-20, and periodic slashing of tolerant in-growth to reduce 

natural fuels and fuel ladder conditions over the next 25-30 years. A commercial thinning may occur at 

age 40-50 to maintain the desired stand conditions over time as the residual stands increase in basal area 

and crown canopy. Depending on the health and vigor, and species composition of these stands, some 

may be treated with a regeneration harvest within the next 100-120 years and some of the stands with a 

good component of healthy intolerant species may be managed for longer rotations or future old growth 

replacement.  
 

Reforestation: Where regeneration harvest is proposed, planting would supplement the natural 

regeneration that is anticipated and restore tree species that are presently not sustainable due to inadequate 

seed source in the residual or adjacent stands. Planted conifer seedlings would assure timely reforestation 

and contribute towards long-term desired forest conditions stand resilience. Tree species to be planted 

include ponderosa pine, western larch and western white pine. These species have declined in total area 

and stand dominance due to advancing succession, lack of natural fire, and insect and disease infestations. 
  
Activity Fuel Reduction and Site Preparation: See Chapter 2 and the vegetation project file for specific 

fuel treatment by unit by alternative. The primary method of activity fuel reduction and site preparation 

would occur through yarding tops during harvest, and/or slashing of small diameter (un-merchantable 

trees) and underburning 1-2 years following harvest. Periodic underburning would be planned every 10-

30 years on the dry sites to restore historic fire regimes and maintain fuel loading at desired levels. If 

yarding tops does not remove the activity fuel on units with gentle topography that are not scheduled to be 

underburned, activity fuel reduction and site preparation would be accomplished through machine 

(excavator) piling, scarification and burning of those piles. 
 

Natural Fuel Reduction through Slashing and Underburning: Proposed treatments would reduce the 

amount of stagnant tolerant understory species, recycling nutrients and stimulating browse for wildlife 

forage. The primary method of natural fuel reduction would be through slashing of small diameter, un-

merchantable trees (6 inches in diameter and less) and underburning after allowing the slash to cure from 

1-2 years. Periodic underburning every 10-30 years on the dry sites would restore and maintain historic 

fire regimes, maintain historic intolerant species and maintain fuel loading at desired levels. This 

treatment would improve stand conditions and increase resilience to potential climate change by reducing 

stocking, decreasing within stand stress, decreasing ladder fuels and increasing species composition of 

intolerant ponderosa pine and western larch.  
 

Future Management of Stands with Improvement Treatment: To meet the objectives of a fire 

resilient landscape over time, continued stand tending activities would occur on these sites. Treatment 

would include periodic slashing of tolerant in-growth to reduce natural fuels and fuel ladder conditions.  

Periodic commercial harvest may be required to maintain the open stand conditions over time as the 

residual stands increase in basal area and crown canopy. Depending on the health and vigor, and species 

composition of these stands, some may be treated with a regeneration harvest within the next 20-40 years 

and some of the stands with a good component of healthy intolerant species may be managed for future 

old growth replacement.  
 

Precommercial Thinning: Precommercial thinning is proposed in overstocked, sapling-size trees that 

have been initiated in the past 15-25 years. This treatment is intended to reduce tree density, reduce crown 

continuity, improve growing conditions, restore shade-intolerant species that are more resilient to fire 

insect and disease, and improve growing conditions of the remaining trees by reducing competition for 
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light and nutrients. In the oldest stands with heavy stocking, some form of mechanized treatment, either 

non-commercial removal of biomass or mastication to reduce fuel levels may be required to meet desired 

conditions.  
 

Future Management of Stands Proposed for Precommercial Thinning: To meet the objectives of a 

fire resilient landscape over time, continued stand tending activities would occur on these sites.  

Treatment may include periodic slashing of tolerant in-growth to reduce natural fuels and fuel ladder 

conditions over the next 20-30 years. A commercial thinning may occur at age 40-50 to maintain the 

desired stand conditions over time as the residual stands increase in basal area and crown canopy.   
 

Road Access Changes: The activities associated with the proposed road access changes described in 

Chapter 2 of the DEIS would have little or no effect to vegetation except as described in the Noxious 

Weed Section and the Proposed, Threatened, Endangered and Sensitive Plant Section.   
 

Trail Access Changes: The activities associated with the proposed trail access changes described in 

Chapter 2 of the DEIS would have little or no effect to vegetation except as described in the Noxious 

Weed Section and the Proposed, Threatened, Endangered and Sensitive Plant Section.   
 

Road Storage: The activities associated with the proposed road storage listed in Chapter 2 of the DEIS 

and have the potential to reduce linear fragmentation in the long-term. These activities would reduce 

access for vegetation management, salvage and fire suppression activities due to economic cost of access.  
 

Temporary Road Construction:  There would be a minimal amount of vegetation fragmentation. This 

should be mitigated in the long-term once the temporary roads are restored and native vegetation is re-

established. It would also affect vegetation as described in the Weed and Sensitive Plant Reports.   
 

Best Management Practices (BMPs): The KNFP states that "Soil and water conservation practices as 

outlined in the Soil and Water Conservation Practices Handbook (FSH 2509.22, May 1988) would be 

incorporated into all land use and project plans as a principal mechanism for controlling non-point 

pollution sources; meeting soil and water quality goals; and to protect resource values.ò Implementation 

of BMPs would not impact forest vegetation directly. These practices would benefit vegetation indirectly 

through protection of soil and water resources. 
 

Reserve Trees and Snags: All harvest prescriptions would emphasize retention and development of trees 

to function as genetic seed reservoirs, relic overstory and future snag replacements. The number and 

distribution of these trees would vary with existing stand conditions, safety considerations and site 

specific resource objectives, but all harvest units would maintain a minimum of 8-10 reserve TPA. Where 

quality snags are not present, or safety requirements mandate not leaving snags, the 8-10 reserve TPA 

would serve as long-term replacement snags. Some of these reserve trees may be girdled to create snags 

or, if they have high levels of mistletoe, they may be girdled to reduce the infection to the understory 

trees. Whether reserve trees are girdled or not, these trees would eventually contribute to coarse woody 

debris for future soil organic matter.  
 

Damage to Residual Trees: Residual trees within harvest units are susceptible to damage from normal 

logging operations. This damage is dependent on the number and distribution of leave trees, topography, 

species and logging system. The amount of damage to reserve trees would be minimized by favoring 

intolerant species that are more resistant to diseases after basal scarring, utilizing designated skid trails 

and utilizing a skyline system on cable ground.   
 

Windthrow: Some leave trees are expected to die or blow down and provide additional snag and down 

woody debris habitat. Management activities may increase the risk within treatment areas and adjacent to 

them by opening up the canopy and increasing the wind to individual tree crowns. Landtypes 102 and 351 

are both considered as being landtypes with moderate-to-high potential for windthrow. These landtypes 

are located in proposed Units 4, 28, 51, 142, 147, 148 and COEF8.  
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Course Woody Debris (CWD): All harvest units would retain 8-33 tons/acre of downed coarse woody 

material (or recruitment) greater than 4ò in diameter to provide nutrient recycling and habitat for 

mammals and invertebrates. The volume and distribution of material may be subject to specific site 

conditions and VRU objectives and would be specified in the silvicultural prescription and incorporated 

into the timber sale contract. The general tons retained by VRU are described in Table 3.10.  
 

Table 3.10 ï Coarse Woody Debris by VRU in Harvest Units 
 

BIOPHYSICAL SETTING  TONS/ACRE;  >4ò IN DIAMETER 

VRU 2 8-15 

VRU 3, 7, 9 15-20 

VRU 5 15-33 
 

Regeneration within Five Years: All regeneration harvest would be designed to assure the units can be 

satisfactorily restocked within five years after final harvest. Adequate stocking would be defined in the 

silvicultural prescription and is based on VRU and Management Area (MA) objectives. 
 

Contrasting Effects of Proposed Actions with Past Actions: The project objectives for the East 

Reservoir analysis area include trending vegetation toward fire resilience in a variety of biophysical or 

forest settings that have similar developmental and responses capabilities (VRUs). 
 

The majority of the analysis area experienced stand replacing fire in the late 1800s and many of the 

regenerated stands did not have volume and stand conditions that were conducive to or dictated 

regeneration harvest until the 1970s and in the late 1980s in response to the MPB infestation. Because of 

those conditions, there was minimal regeneration harvest prior to the 1970s. The majority of the 

regeneration harvest in the 1980s and 1990s were designed to salvage MPB infested LPP stands or to 

regenerate mixed species western larch, ponderosa pine, western white pine and DF stands. While these 

harvest units restored desired species such as PP, WL and WWP, some of the older stands retained few 

reserve trees and snags for structural diversity, genetic seed reservoirs and replacement snags; and many 

machine scarification units had high disturbance and low retention of down woody debris. In addition, 

because of the 40 acre regeneration opening limitation; big game forage opening size recommendations 

and other issues, the average unit size during that period was 28 acres. Alternative 2 is designed to restore 

historic patch size on many VRUs. Alternative 3 is consistent with past harvest unit size.     
 

The regeneration treatments proposed in the East Reservoir Project also emphasizes restoration of 

ponderosa pine, western larch, western white pine and aspen through retention of these species in the 

overstory, and through natural regeneration and planting. In contrast, proposed regeneration treatments 

retain a minimum of 8 reserve trees and/or snags per acre to function as genetic seed reservoirs, relic 

overstory, current and future snags, and long-term coarse woody debris for future soil organic matter.   

All prescribed site preparation would adhere to BMPs to retain soil productivity, and scarification or 

mineral soil exposure would be to the minimum level required to meet regeneration objectives. In 

addition, the harvest units are designed to restore the historic patch size to the degree possible within the 

40 acre limitation, to reduce fragmentation, and to buffer important late seral and riparian habitat with 

fuel treatments. 
 

Prior to the 1980s, the majority of the intermediate treatments within this analysis area were liberation 

harvests that removed the larger more intolerant species such as ponderosa pine and western larch, and 

released the developing understory of primarily mid-tolerant Douglas-fir. These stands are trending 

towards climax conditions at potentially a more accelerated rate than the untreated stands. Species 

composition and structure are trending to a higher than historic component of smaller mid-tolerant to 

tolerant trees with increased ladder fuels.  
 

As compared with the past intermediate treatments, the proposed intermediate harvest in East Reservoir 

analysis area are designed to maintain and improve the resilience, health and sustainability of forest 

stands and the landscape by retention of the best quality dominant and co-dominant, intolerant fire 
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adapted species such as PP and WL (with some Douglas-fir), to retain the majority of the intolerant relic 

trees that survived the late 1800s burn, and to retain desired amounts of coarse woody debris. In addition, 

clumps and islands may be retained for diversity, wildlife and visual quality objectives.   

Silvicultural treatments in the East Reservoir analysis area are expected to improve forest conditions and 

to increase the stand or forest resilience. Areas or stands would be managed to restore intolerant species, 

to reduce stand density, improve tree growth and vigor, and to promote more open stand structure that is 

more resilient to fire, insect and disease and potential climate change. In addition, impacts to soil 

productivity would be minimized through the adherence to BMPs and disturbance from fuel treatments 

and site preparation would be to the minimum level required to meet objectives. 

 

ALTERNATIVES 2 and 3  

Direct and Indirect Effects  

Refer to Chapter 2 for a description of the alternatives, and the project file for a comprehensive summary 

table of each alternative. 
 

Ecological Integrity  
Ecological integrity can be described by comparing forest composition, density, structure, patterns and 

function, to desired conditions, and analyzing landscape resilience to climate change and disturbances. If 

ecological systems within a forested environment are operating within a range of desired condition 

variability, it is assumed to be a healthy, sustainable system (USDA Forest Service, Region 1, Sustaining 

Ecological Systems 1991; Lindermayer 2000). Analyzing resilience to climate change can be done using 

current VRU objectives, since these are compatible with stand qualities necessary to survive expected 

future disturbances. The effects to ecological integrity will be summarized by VRU group as described in 

the affected environment.  
 

Moderately Warm and Dry VRU 2S (21% of the analysis area) 

Because fire return intervals have lengthened due to fire suppression efforts over the past 80 years, 

particularly in this Fire Regime I (0-35 year low to mixed severity fires), the majority of this VRU is not 

functioning within the range of desired conditions. Ecosystem sustainability can be promoted by actions 

that decrease tree density and the Douglas-fir component, decrease natural and ladder fuels and that 

disturb the existing ground vegetation, allowing a more diverse occupancy of the site by seral grasses, 

forbs, shrubs, deciduous trees and conifer species. Current conditions are inconsistent with desired 

conditions, and would not be resilient to potential warmer and drier climates. 

 

Alternatives 2 and 3 would improve ecological integrity, resilience and forest resistance to insect and 

disease mortality on the moderately warm and dry VRU 2S. Improvements would be accomplished by 

reducing tree density, changing the early successional stages, reducing natural fuels, reducing ladder fuels 

and restoring PP and WL, and early seral grasses, shrubs and forbs, through harvest, slashing, prescribed 

fire and planting. In addition, composition and stocking, early successional stages and fuel reduction 

would be improved through prescribed fire outside the harvest units. The amount of improvement can be 

measured by determining the acres of reduced stand density, acres of fuel reduction and the change in 

successional stages, through harvest and or prescribed fire and the acres of ponderosa pine and western 

larch restoration. The IDT developed target stands that reflected desired conditions for the VRUs across 

the East Reservoir Landscape, and these were refined by VRU groups for this analysis. More natural 

conditions are restored and resilience is increased when the treatment is moving the stand towards the 

VRU group target conditions, and reducing the departure from desired conditions as measured by the 

indicators identified.  

 

Increasing resilience based on natural conditions should also increase resilience and resistance to potential 

climate change to warmer and drier or warmer and moister with higher frost free days, by favoring shade 

intolerant species that are more resilient to drought, reducing vegetation density on a given site and 

reducing the probability of a drainage-wide stand replacement in the event of a high severity fire. 

Restoration of historic landscape patterns is more difficult to measure. The historic landscape condition 
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was a diverse mix of open park-like stands intermixed with larger openings and dense patches. 

Restoration of density and species composition across the landscape would restore some of the natural 

patterns. Due to small past harvest unit size, and the old growth designations within this VRU group, it is 

not feasible to completely correct existing vegetation patterns with this entry. However, the treatment 

proposed in the action alternatives would move the landscape toward the historic matrix of natural 

openings, and open stands intermixed with dense patches, and would increase landscape heterogeneity.   

 

Landscape function refers to the flow of mineral nutrients, water, energy or species across the landscape, 

and how the compositional and structural elements of a landscape interact and operate. Landscape 

function is difficult to quantify and it is hypothesized where community composition and structure, and 

historic disturbance processes such as fire, occur within a desired range of conditions, the function of the 

landscape community would also be maintained within its desired range. All action alternatives were 

designed within desired composition, structure, function and patterns of vegetation.       

 

Moving stands toward the desired conditions in the VRU would begin to restore desired condition species 

composition, density, structure and function, and increase stand and landscape resilience. Refer to 

indicators on page 9 (Chapter 3). Refer to Table 3.12 for a summary of treatments trending toward VRU2 

desired conditions.   
 

TABLE 3.12 - Treatments Trending Toward VRU 2S Desired Conditions (acres)  
(Species Composition and Density Changes by Alternative) 

 

TREATMENT  ALT 1  
ALT  

 2 

ALT  

 3 

FORESEEABLE 

ACTIONS 

MAXIMUM  

CUMULATIVE  

Ponderosa Pine Restoration through Planting 0 82 108 0 0 

Western Larch Restoration through Planting 0 27 37 0 0 

Intermediate harvest trending species composition 

toward VRU desired condition that is more 

resistant and resilient to disturbance insect and 

disease infestations and uncertain environmental 

conditions such as climate change. 

0 3,401 3,362 0 0 

Intermediate harvest trending density toward VRU 

group desired condition that is more resistant and 

resilient to disturbance, insect and disease 

infestations and uncertain environmental 

conditions such as climate change. 

0 3,401 3,362 0 0 

Natural Fuels Reduction trending toward desired 

condition 
7,766   8,592 8,454  8,592 

Units within this VRU 2S: Regeneration Harvest: Units 2, 3c, 16, 18, 44, 45b, 147, 170, 193, 207, 219, 220. 

Intermediate Harvest Treatments: Units COE1-4, 1, 2b, 2c, 2d, 3a, 3b, 9, 10, 11, 15, 17, 18a 19, 20, 27-32, 33, 34, 42, 43, 44, 

45a, 49, 55, 56, 157, 174, 179, 183, 190, 194, 196, 203, 205 209, 219a, 190, 192, 194s, 194t, 196, 197, 305-307, 347 

Fuels: Units COE 5, 8, 9, 10, 11, F1, 1OG, 12, 11OG, 13, 14OG, 15-18, 21, 45 
 

 

 

 

Table 3.13- Successional Stage Redistribution in Post-Harvest for Alternatives in VRU 2 (%) 
 

SUCCESSIONAL 

STAGES 

AGE CLASSES 

(YEARS) 

DESIRED 

CONDITION  

CURRENT CONDITION  

and ALT 1  

ALT 2  

 

ALT 3  

 

Early-successional 0-40 15-25 5 6 6 

Mid- Successional 41-100 15-35 20 20 20 

Late- Successional 101-150 10-30 47 46 46 

Very Late Successional 150+ 25-50 23 23 23 

Numbers highlighted in grey indicate conditions outside desired conditions. 
 

Table 3.14 - Acres of Treatment by Action Alternative for VRU2S 
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TREATMENT TYPE  ALTERNATIVE 2  ALTERNATIVE 3  

Regeneration 109 145 

Intermediate 3401 3362 

Fuels 8,592 8,454 

Precommercial thin 575 570 
 

The treatment alternatives have a slight, measureable effect on the successional stages (Table 3.13.). 

Table 3.14 displays the acres of treatment in VRU2. These treatments would have a 1% increase in the 

early-successional stage in both action alternatives for the analysis area. Late-successional stage would 

decrease by 1% in both action alternatives. Successional stage most often does not change with 

intermediate harvest or fuels treatment because the age class is determined from the portion of the stand 

with the greatest basal area and many times this is the older and larger component of the stand. In these 

treatments, the older trees are the trees that are retained from which the age class is determined. The 

intermediate treatments would address the majority of departures from desired conditions in these dry 

types by reducing density and restoring species composition toward desired conditions that are better 

adapted to these dry sites and therefore improving the resiliency of this VRU. 

 

In Alternative 2, 109 acres of regeneration are proposed and in Alternative 3, 145 acres of regeneration 

are proposed. The small amount of regeneration acres proposed in this warm and dry VRU does not 

significantly change successional stages. These acres are proposed for regeneration because their existing 

condition consisted of mostly older small diameter Douglas-fir and the desired condition is a species 

composition mix of western larch, ponderosa pine and Douglas-fir. Regeneration treatments would 

include planting of western larch and ponderosa pine to meet objectives.     

 

Alternatives 2 and 3 are very similar for this warm and dry vegetation response unit. Alternatives 2 and 3 

trend similar acres toward desired condition density and species composition through a combination of 

intermediate harvest and regeneration treatment followed by reforestation of target species. The main 

difference between Alternative 2 and Alternative 3 is that Alternative 2 includes natural fuels reduction 

treatments in old growth. Implementation of Alternative 2 has the potential to increase the resiliency and 

resistance of the greatest acres because it reduces overstocking and improves overall tree vigor and 

resistance on the greatest number of acres. As a result of this increase in resiliency, Alternative 2 trends a 

large amount of acres within the analysis area to a condition that is better adapted to climate change. 

Alternative 2 and 3 both equally treat acres with species composition and density restoration therefore 

trending equal acres toward the desired condition. Alternative 2 has the greatest number of acres of fuels 

reduction however this has less impact on trending the VRU toward desired condition species 

composition and density. Alternative 2 most effectively addresses ecosystem restoration in VRU2 

because it addresses species composition and density reduction to the highest degree as it treats the most 

overall acres. 

 
 

 

 

 

Moderately Warm and Moderately Dry - VRU 3 (22% of the analysis area) 
 

TABLE 3.15 - Treatments Trending Toward VRU 3 Desired Conditions (acres) 
(Species Composition and Density Changes by Alternative)  

 

TREATMENT  
ALT 

1 

ALT 

2 

ALT 

3 

FORESEEABLE 

ACTIONS 

MAXIMUM  

CUMULATIVE  

Ponderosa Pine Restoration through Planting 0 242 200 0 242 

Western Larch Restoration through Planting 0  362 301 0 362 

Intermediate harvest trending species composition toward 

VRU group desired condition that is more resistant and 

resilient to disturbance insect and disease infestations and 

0 1409 1279 0 1409 
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TREATMENT  
ALT 

1 

ALT 

2 

ALT 

3 

FORESEEABLE 

ACTIONS 

MAXIMUM  

CUMULATIVE  

uncertain environmental conditions such as climate 

change. 

Intermediate harvest trending density toward VRU group 

desired condition that is more resistant and resilient to 

disturbance, insect and disease infestations and uncertain 

environmental conditions such as climate change. 

0 1409 1279 0 1409 

Natural Fuels Reduction trending toward desired condition 
0 

980? 
432 429   

Units within this VRU3: Regeneration Harvests: Units 1A, 2, 3, 8, 16, 18, 44, 45B, 46, 47, 54, 69, 70, 72, 81, 80, 82, 141, 142, 

143A, 144S, 144T, 159A, 170, 188, 207, 208, 214, 362, 363, 364, 365, 367, 367A, 368A, 368B, 368C.   

Fuels Treatments: Units F1, 1A, 1og, 3og, 4, 5, 8, 12, 15og, 18, COEF12 

Intermediate Harvests: Units 1, 2c, 3A, 3B, 5, 9, 10, 11, 18A, 19, 20, 21, 25, 31, 32, 33, 34, 45A, 49, 55, 56, 158, 173, 174, 179, 

182, 183, 195, 205 209, 306, 307, 337, 340, 347, 349,  COE6. 
 

Table 3.16 - Successional Stage Redistribution in Post-Harvest for Alternatives in VRU 3 (%) 
 

SUCCESSIONAL 

STAGES 

AGE CLASSES 

(YEARS) 

REFERENCE 

CONDITION  

CURRENT CONDITION  

and ALT 1  

ALT  

2 

ALT  

3 

Early-successional 0-40 15-25 27 30 30 

Mid- Successional 41-100 20-40 17 17 17 

Late- Successional 101-150 15-35 45 42 42 

Very Late Successional 150+ 15-40 10 10 10 

Numbers highlighted in grey indicate conditions outside desired conditions. 

Table 3.17- Acres of Treatment by Action Alternative for VRU3 
 

TREATMENT TYPE  ALTERNATIVE 2  ALTERNATIVE 3  

Regeneration 604 501 

Intermediate 1,409 1,279 

Fuels 432 429 

Precommercial Thin 2,832 2,832 
 

The action alternatives would improve forest resiliency in the VRU 3 Group, by trending toward desired 

condition species composition and densities. This would be done by restoring PP and WL through 

regeneration harvest and planting, restoring species composition through intermediate harvest, restoring 

desired condition density levels through intermediate harvest, restoring early successional stages of 

conifers and early seral grasses, shrubs and forbs, through regeneration harvest and reducing natural fuels 

through slashing and prescribed fire. These treatments are also designed to increase stand and landscape 

resilience to potential climate change. The amount of improvement can be measured by determining the 

acres of reduced stand density, fuel reduction and change in successional stages, through harvest and 

prescribed fire, and the acres of planting ponderosa pine and western larch. 
 

Restoration trending toward desired condition species composition and density would trend this VRU to a 

condition that is better adapted and therefore more resilient and resistant. In particular, restoration of 

desired condition density and species condition would improve the resistance to MPB infestations in the 

PP by spacing the trees out and improving the tree and stand vigor and increasing the VRUs resistance to 

MPB infestations. Increasing resilience based on natural conditions should also increase resilience and 

resistance to potential climate change issues and stresses. Restoration of successional stages is more 

difficult to restore due to past management, that removed the older component, but current treatments are 

designed to retain acres in the late successional stage and trend more acres to the late successional stage.  
 

Historic timber harvest that focused on selecting western larch, effective fire suppression and the 

reduction in the mixed severity underburns have altered the species composition and stand structure in 

many of these areas. The stand structure has changed from mid- and late-development open stands of 

large ponderosa pine, western larch and Douglas-fir to single to two storied stands composed of 

predominately Douglas-fir, or a higher proportion of Douglas-fir than would have occurred with more 
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frequent mixed severity fires. The lower canopy is frequently composed of a dense understory of smaller 

Douglas-fir and grand fir. These high density understories can provide a fuel ladder to the crowns of 

larger trees and increase the potential for high severity, stand replacing fires. 
 

Fire, including frequent mixed severity fire and infrequent large-scale stand-replacing fire, is the primary 

ecological process that developed patch size in this area. Populations of native plants and animals have 

responded and adapted to this disturbance process, and associated patch size. Species abundance and 

distribution are a result of these dynamic processes, and the resulting vegetation patterns.   
 

In this VRU group, Alternative 2 most effectively addresses ecosystem restoration and resilience because 

it treats and trends the greatest number of acres toward the desired condition. Alternative 3 is the second 

most effective which treat the least acres in this VRU.  

 

Moderately Warm to Moderately Moist - VRU 4 (10% of the analysis area) 
 

TABLE 3.18 - Treatments Trending Toward VRU 4 Desired Conditions (acres)  
(Species Composition and Density Changes by Alternative) 

 

TREATMENT  
ALT 

1 

ALT 

2 

ALT 

3 

FORESEEABLE 

ACTIONS 

MAXIMUM  

CUMULATIVE  

Ponderosa Pine Restoration through Planting 0 192 137 0 192 

Western Larch Restoration through Planting 0 383 274 0 383 

Western White Pine Restoration through Planting.   0 191 138 0 191 

Regeneration harvest trending species composition toward 

VRU group desired condition that is more resistant and 

resilient to disturbance insect and disease infestations and 

uncertain environmental conditions such as climate change. 

0 766 549 

198 

on DNRC 

lands 

964 

Intermediate harvest trending species composition  0 948 820 0 948 

toward VRU group desired condition that is more resistant 

and resilient to disturbance insect and disease infestations 

and uncertain environmental conditions such as climate 

change. 

     

Intermediate harvest trending density toward VRU group 

desired condition that is more resistant and resilient to 

disturbance, insect and disease infestations and uncertain 

environmental conditions such as climate change. 

0 948 820 0  

Number of patches created that are consistent with desired 

condition patch size of 100-300 acres.   
0 3 0 0 3 

Natural Fuels Reduction trending toward desired condition 0   0 349 

Units within this VRU4: Regeneration Harvest: Majority located on the north aspects of Fivemile and Warland Creeks and 

Boundary Mountain. 

Intermediate Harvests: Majority located south of the Cripple Horse Road, lower in the Cripple Horse Drainage (Units 22, 23, 24, 

25, 26).       

 

 

 
 

Table 3.19 - Successional Stage Redistribution in Post-Harvest for Alternatives in VRU 4 (%) 
 

SUCCESSIONAL 

STAGES 

AGE CLASSES 

(YEARS) 

DESIRED 

CONDITION  

CURRENT CONDITION  

and ALT 1  

ALT  

2 

ALT  

3 

Early-successional 0-40 15-25 20 29 27 

Mid- Successional 41-100 20-40 16 (low) 14 (low) 15 

Late- Successional 101-150 15-35 57(high) 51(high) 52 

Very Late Successional 150+ 10-40 7(low) 6(low) 6 

Numbers highlighted in grey indicate conditions outside desired conditions. 
 

Table 3.20 ï Acres of Treatment by Action Alternative for VRU4  
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TREATMENT TYPE  ALTERNATIVE 2  ALTERNATIVE 3  

Regeneration 766 549 

Intermediate 948 820 

Fuels 178 261 

Precommercial Thin 787 764 
 

The action alternatives would improve forest resiliency in the VRU 4 Group, by trending toward desired 

condition species composition and densities. This would be done by restoring ponderosa pine, western 

larch and western white pine through regeneration harvest and planting, restoring species composition 

through intermediate harvest, restoring desired condition density levels through intermediate harvest, 

restoring early successional stages of conifers and early seral grasses, shrubs and forbs, through 

regeneration harvest and reducing natural fuels through slashing and prescribed fire. These treatments are 

also designed to increase stand and landscape resilience to potential climate change.  

 

Restoration trending toward desired condition species composition and density would trend this VRU to a 

condition that is better adapted and therefore more resilient and resistant. In particular, restoration of 

desired condition densities and species composition would improve the resistance to MPB infestations in 

the ponderosa pine by spacing the trees out and improving the tree and stand vigor.  

 

Alternative 2, proposes treatment patches (Unit 170; unit 73T, 75 and 188; and units 80 and 36) that 

would be consistent with the 100-300 acre mixed historic patch size therefore this alternative most 

effectively mimics historic conditions. It is assumed that natural conditions are restored where treatment 

is moving the stand toward the VRU target conditions and these conditions will be best adapted for future 

environments.     

 

The larger treatment areas that mimic natural processes proposed in Alternative 2 best address 

connectivity and fragmentation to the extent possible within these other resource and social needs, and 

would move the landscape toward the historic matrix of seral stages. In addition, Alternative 2 also treats 

and trends the greatest number of acres toward historic species composition and therefore trending the 

greatest number of acres to be more adapted to future environments. Alternative 3 is the second most 

effective.    

 

Complete restoration of historic landscape patterns was not be feasible due to existing vegetation patterns, 

past harvest design, old growth designations, 40 acre NFMA opening size limitation and associated public 

concerns and other resource and social needs. However, the treatments proposed in Alternative 2 address 

connectivity and fragmentation to the extent possible within these other resource and social needs, and 

would move the landscape toward the historic matrix of seral stage with the greatest number of acres 

treated.  

 

 

 

 

Moderately Warm to Moderately Moist - VRU 5 (1% of the analysis area)  
 

TABLE 3.21 - Treatments Trending Toward VRU 5 Desired Conditions (acres) 
(Species Composition and Density Changes by Alternative) 

 

TREATMENT  
ALT  

1 

ALT 

2 

ALT 

3 

FORESEEABLE 

ACTIONS 

MAXIMUM  

CUMULATIVE  

Ponderosa Pine Restoration through Planting 0 22 23 0 22 

Western Larch Restoration through Planting 0 100 59 0 59 

Western White Pine Restoration through Planting.   0 52 35 0 52 

Regeneration harvest trending species composition toward 

VRU group desired condition that is more resistant and 
0 174 117 0 174 
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TREATMENT  
ALT  

1 

ALT 

2 

ALT 

3 

FORESEEABLE 

ACTIONS 

MAXIMUM  

CUMULATIVE  

resilient to disturbance insect and disease infestations and 

uncertain environmental conditions such as climate change. 

Intermediate harvest trending species composition toward 

VRU group desired condition that is more resistant and 

resilient to disturbance insect and disease infestations and 

uncertain environmental conditions such as climate change. 

0 167 142 0 167 

Number of patches created that are consistent with desired 

condition patch size of 100-300 acres.   
0 3 0 0 3 

Natural Fuels Reduction trending toward desired condition 0 0 0 0 0 

Units within this VRU 5:  Regeneration Harvests: Units 147, 148, 149 (all in Fivemile Ck). 

Commercial Thinning:  Units 311,343, 344.   
 

Table 3.22 - Successional Stage Redistribution in Post-Harvest for Alternatives in VRU 5 (%) 
 

SUCCESSIONAL 

STAGES 

AGE CLASSES 

(YEARS) 

DESIRED 

CONDITION  

CURRENT CONDITION  

And ALT 1  

ALT  

2 

ALT  

3 

Early-successional 0-40 10-20 31 50 44 

Mid- Successional 41-100 15-35 9 9 9 

Late- Successional 101-150 10-30 54 36 42 

Very Late Successional 150+ 25-55 5  5 

Numbers highlighted in grey indicate conditions outside desired conditions. 
 

Table 3.23 - Acres of Treatment by Action Alternative for VRU5 
 

TREATMENT TYPE  ALTERNATIVE 2  ALTERNATIVE 3  

Regeneration 174 117 

Intermediate 167 142 

Fuels 0 0 

Precommercial Thin 60 60 
 

The action alternatives would improve forest resiliency in the VRU 5 Group, by trending toward desired 

condition species composition. This would be done by restoring ponderosa pine, western larch and 

western white pine through regeneration harvest and planting, restoring species composition through 

commercial thinning, and by restoring early seral stages of conifers and early seral grasses, shrubs and 

forbs, through regeneration harvest. These treatments are also designed to increase stand and landscape 

resilience to potential climate change by regenerating the species best adapted to the VRU desired 

conditions. Restoration of successional stages is more difficult to restore due to past management. The 

majority of acres proposed for regeneration harvest in this VRU 5 group would not trend toward late 

successional stages due to their current stand conditions. For example, (Units 147, 148, 149) over 50% of 

the stand is dead and down due to MPB mortality leaving this area in an understocked condition. In other 

areas, small stagnant conditions exist such as small diameters averaging seven inches DBH at 135 years 

old. These stagnant condition would not likely progress into the late successional stages because they are 

overstocked and unraveling. Alternative 2, proposes treatment patches that would be consistent with the 

100-300 acre mixed historic patch size therefore this alternative most effectively mimics historic 

conditions. It is assumed that natural conditions are restored where treatment is moving the stand toward 

the VRU target conditions and these conditions will be best adapted for future environments.     

 

The larger treatment areas that mimic natural processes proposed in Alternative 2 best address 

connectivity and fragmentation to the extent possible within these other resource and social needs, and 

would move the landscape toward the historic matrix of seral stages. In addition, Alternative 2 also treats 

and the greatest number of acres toward historic species composition and therefore trending the greatest 

number of acres to be more adapted to future environments. Alternative 3 is the second most effective.    

 

Landscape Function: Moving stands toward the desired conditions in this VRU group would begin to 



CHAPTER 3                                                                                                     EAST RESERVOIR PROJECT                                  

VEGETATION RESOURCE  
 

 

AFFECTED ENVIRONMENT & ENVIRONMENTAL CONSEQUENCES  

Page 44 of 410 

 

restore historic density, composition and function, and address the potential climate change. Refer to 

Table 3.21 for a summary of treatments trending toward VRU 5 desired conditions. In this VRU group, 

Alternative 2 most effectively addresses ecosystem restoration and resilience because it treats and trends 

the greatest number of acres toward the desired condition. 

 

Cool and Moist - VRU 7 (29% of analysis area)   
 

TABLE 3.24- Treatments Trending Toward VRU 7 Desired Conditions (acres)  
(Species Composition and Density Changes by Alternative) 

 

TREATMENT  ALT 1  ALT 2  ALT 3  
FORESEEABLE 

ACTIONS 

MAXIMUM  

CUMULATIVE  

Ponderosa Pine Restoration through Planting 0 0 0 0 0 

Western Larch Restoration through Planting 0 199 117 0 0 

Western White Pine Restoration through Planting.   0 300 176 0 0 

Regeneration harvest trending species composition 

toward VRU group desired condition that is more 

resistant and resilient to disturbance insect and disease 

infestations and uncertain environmental conditions such 

as climate change. 

0 

 

 

499 

 

 

293 0 499 

Intermediate harvest trending species composition 

toward VRU group desired condition that is more 

resistant and resilient to disturbance insect and disease 

infestations and uncertain environmental conditions such 

as climate change. 

0 

 

 

423 

 

 

423 0 423 

Number of patches created that are consistent with 

desired condition patch size of 5,000-100,000 acres.   
0 

 

0 

 

0 
0 0 

Natural fuels reduction trending toward desired 

condition 
0 0 0 0 0 

Units within VRU7:  Units located on the upper elevations, south slopes of Fivemile and Warland Creeks. 

Regeneration Harvest: Units  39, 40, 41, 59, 61, 62, 64, 64A, 64B, 150, 151, and 365, 366  

Intermediate Harvest: Units 317, 318, 319, 327, 328, 330, 331, 332, 333, 334, 335, 343, 344, 345, 346. 
 

Table 3.25 - Successional Stage Redistribution in Post-Harvest for Alternatives in VRU 7 (%) 
 

SUCCESSIONAL 

STAGES 

AGE CLASSES 

(YEARS) 

DESIRED 

CONDITION  

CURRENT CONDITION  

and ALT 1  

ALT  

2 

ALT  

3 

Early-successional 0-40 15-25 39 41 40 

Mid- Successional 41-100 20-40 9 9 9 

Late- Successional 101-150 15-30 44 42 43 

Very Late Successional 150+ 15-45 8 8 8 

Numbers highlighted in grey indicate conditions outside desired conditions. 
 

Table 3.26 - Acres of Treatment by Action Alternative for VRU7 
 

TREATMENT TYPE  ALTERNATIVE 2  ALTERNATIVE 3  

Regeneration 499 293 

Intermediate 423 423 

Fuels  0 0 

Precommercial Thin 2,140 1,173 

Western White Pine Daylight Thin 212 0 

 

The action alternatives would improve forest resiliency in the VRU 7 Group, by trending toward desired 

condition species composition. This would be done by restoring western larch and western white pine 

through regeneration harvest and planting, restoring species composition through commercial thinning, 

and by restoring early seral stages of conifers and early seral grasses, shrubs and forbs, through 

regeneration harvest. These treatments are also designed to increase stand and landscape resilience to 



CHAPTER 3                                                                                                     EAST RESERVOIR PROJECT                                  

VEGETATION RESOURCE  
 

 

AFFECTED ENVIRONMENT & ENVIRONMENTAL CONSEQUENCES  

Page 45 of 410 

 

potential climate change by regenerating the species the best adapted to the VRU desired conditions.   

 

Restoration of successional stages is more difficult to restore due to past management. However in 

Alternative 2, three of the regeneration harvests (Units 62, 40 and 150) are proposed as over 40 acre 

regeneration but do not mimic the large historic patch size of 5,000 to 100,000 acres. Units 62, 40 and 

150 are placed adjacent to past harvest that are recovered but are within the early-successional stage. By 

these units being blocked up with other early-successional stages this larger block mimics historic 

conditions and would move into the future as a connected patch of interior forest. Because target stands 

for each VRU were developed to mimic historic conditions, it is assumed that natural conditions are 

restored where treatment is moving the stand toward the VRU target conditions.  

 

Many of the stands proposed for regeneration in VRU 7 are in the late successional stage (100 to 150 

years). Many of these stands have had past MPB mortality resulting in understocked stands. Currently, 

the late-successional stage is high (44%) compared to the desired condition of 15-30% but the very late 

successional stages is low (8%) compared to the desired condition of 15-45%. The majority of the 44% of 

the late-successional would move into very late successional stage, all but 1-2% (depending on the 

alternative) would move into the early-successional stage. Also, taking a closer look at the early 

successional stage age class breakdown, 13% are in the 0-20 age class, 22% are in the 21-30 age class 

(years) and 4% in the 31-40 age class (years). Depending on the alternative, these regeneration treatments 

increase the early successional stages by 1-2%, however the majority of this age class would be moving 

into mid-successional within 10-15 years. Increases in early successional stages in this cool and moist 

VRU has a beneficial effect for lynx forage, providing a pulse of habitat for snowshoe hare. Both 

Alternatives 2 and 3 treat 423 acres with a commercial thinning harvest, a type of intermediate treatment.   

These thinning treatments have the potential to develop into multi-storied lynx habitat within 20-50 years.  

Thinning the stand would create an environment for regeneration to occur in varying stages moving the 

stand into multi-storied condition in the future. Without commercial thinning of these heavily stocked 

stands, they would likely move into the stem-exclusion stage and then would not develop into a multi-

storied condition without disturbance.   

 

Complete restoration of historic landscape patterns may not be feasible due to existing vegetation 

patterns, past harvest design, old growth designations, 40 acre NFMA opening size limitation and other 

resource and social needs. However, the treatments proposed in the action alternatives address 

connectivity and fragmentation to the extent possible within these other resource and social needs, and 

would move the landscape toward the historic matrix of seral stages.  

 

Landscape Function:  Moving stands toward the desired conditions in this VRU group would begin to 

restore historic density, composition and function, and address the potential climate change. Refer to 

Table 3.24 for a summary of treatments trending toward VRU 7 desired conditions.   

 

In this VRU group, Alternative 2 most effectively addresses ecosystem restoration and resilience because 

it treats and trends the greatest number of acres toward the desired condition. Alternative 3 is the second 

most effective in this VRU.  

Cool and Moistï VRU 9 (13% of analysis area)   
 

TABLE 3.27 - Treatments Trending Toward VRU 9 Desired Conditions (acres)  
(Species Composition and Density Changes by Alternative) 

 

TREATMENT  
ALT 

1 

ALT 

2 

ALT 

3 

FORESEEABLE 

ACTIONS 

MAXIMUM  

CUMULATIVE  

Ponderosa Pine Restoration through Planting 0 0 0 0 0 

Western Larch Restoration through Planting 0 188 150 0 188 

Western White Pine Restoration through Planting.   0 188 151 0 188 

Regeneration harvest trending species composition toward 

VRU group desired condition that is more resistant and 
0 

 

 

 

 
0 376 
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TREATMENT  
ALT 

1 

ALT 

2 

ALT 

3 

FORESEEABLE 

ACTIONS 

MAXIMUM  

CUMULATIVE  

resilient to disturbance insect and disease infestations and 

uncertain environmental conditions such as climate change. 

376 301 

Intermediate harvest trending species composition toward 

VRU group desired condition that is more resistant and 

resilient to disturbance insect and disease infestations and 

uncertain environmental conditions such as climate change. 

 

0 

 

 

55 

 

 

26 

 

0 
55 

Number of patches created that are consistent with desired 

condition patch size of 5,000-100,000 acres.   
0 

 

0 

 

0 
0 0 

Natural Fuels Reduction trending toward desired condition 0 0 0 0 0 

Units within this VRU 9: Intermediate Harvests: Units 62A, 62B, 317, 327, 346. 

Regeneration Harvests: Units 47, 61, 62, 64A, 362, 363, 364, 369  
 

Table 3.28 - Successional Stage Redistribution in Post-Harvest for Alternatives in VRU 9 (%)  
 

SUCCESSIONAL 

STAGES 

AGE CLASSES 

(YEARS) 

DESIRED 

CONDITION  

CURRENT CONDITION  

and ALT. 1 

ALT  

2 

ALT  

3 

Early-successional 0-40 20-40 27 31 30 

Mid- Successional 41-100 40-60 11 11 11 

Late- Successional 101-150 15-20 50 47 48 

Very Late Successional 150+ 5-10 10 10 10 

Numbers highlighted in grey indicate conditions outside desired conditions. 
 

Table 3.29 - Acres of Treatment by Action Alternative for VRU9 
 

TREATMENT TYPE  ALTERNATIVE 2  ALTERNATIVE 3  

Regeneration 376 301 

Intermediate 55 26 

Fuels 0 0 

Precommercial Thin 198 130 
 

The action alternatives would improve forest resiliency in the VRU 9 Group, by trending toward desired 

condition species composition. This would be done by restoring western larch and western white pine 

through regeneration harvest and planting, restoring species composition through commercial thinning, 

and by restoring early seral stages of conifers and early seral grasses, shrubs and forbs, through 

regeneration harvest. These treatments are also designed to increase stand and landscape resilience to 

potential climate change by regenerating the species best adapted to the VRU desired conditions.  

Restoration of successional stages is more difficult to restore due to past management.      
 

Moving stands toward the desired conditions in this VRU group would begin to restore historic density, 

composition and function, and address the potential climate change. Refer to Table 3.27 for a summary of 

treatments trending toward VRU 9 desired conditions. Restoration of successional stages is more difficult 

to restore due to past management. However, in Alternative 2, one of the regeneration harvests (Unit 362) 

is proposed as over 40 acre regeneration but do not mimic the large historic patch size of 5,000 to 100,000 

acres. Unit 362 is placed adjacent to past existing harvests that are recovered but are within the early-

successional stage. By blocked up these units with other early-successional stages this larger block 

mimics historic conditions and would move into the future as a connected patch of interior forest. 

Because target stands for each VRU were developed to mimic historic conditions, it is assumed that 

natural conditions are restored where treatment is moving the stand toward the VRU target conditions. 

Increases in early successional stages in this cool and moist VRU has a beneficial effect for lynx forage, 

providing a pulse of habitat for snowshoe hare. Both Alternatives 2 and 3 treat 26 acres with a 

commercial thinning harvest, a type of intermediate treatment. These thinning treatments have the 

potential to develop into multi-storied lynx habitat within 20-50 years. Thinning the stand would create an 

environment for regeneration to occur in varying stages moving the stand into multi-storied condition in 

the future. Without commercial thinning of these heavily stocked stands, they would likely move into the 



CHAPTER 3                                                                                                     EAST RESERVOIR PROJECT                                  

VEGETATION RESOURCE  
 

 

AFFECTED ENVIRONMENT & ENVIRONMENTAL CONSEQUENCES  

Page 47 of 410 

 

stem-exclusion stage and then would not develop into a multi-storied condition without disturbance.   

 

Landscape Function: In this VRU group, Alternative 2 was developed to address landscape ecology and 

resilience. Alternative 2 trends the greatest number of acres toward desired conditions. Alternative 3 is the 

second most effective in this VRU. 
 

Moving stands toward the desired conditions in this VRU group would begin to restore historic density, 

composition and function, and address the potential climate change.  
 

TABLE 3.30- Treatments Trending Toward all VRU Desired Conditions (acres)  
(Species Composition and Density Changes by Alternative) 

 

TREATMENT  
ALT 

1 

ALT  

2 

ALT  

3 

FORESEEABLE 

ACTIONS 

MAXIMUM  

CUMULATIVE  

Ponderosa Pine Restoration through Planting 0 538 468 0 538 

Western Larch Restoration through Planting 0 1,259 938 0 1,259 

Western White Pine Restoration through Planting.   0 731 491 0 731 

Regeneration harvest trending species composition 

toward VRU group desired condition that is more 

resistant and resilient to disturbance insect and 

disease infestations and uncertain environmental 

conditions such as climate change. 

0 2,528 1906 
198 

on DNRC lands 
2,726 

Intermediate harvest trending species composition 

toward VRU group desired condition that is more 

resistant and resilient to disturbance insect and 

disease infestations and uncertain environmental 

conditions such as climate change. 

0 6,573 6,140 0 6,573 

Acres treated with intermediate harvest trending 

density toward VRU group desired condition that is 

more resistant and resilient to disturbance, insect 

and disease infestations and uncertain 

environmental conditions such as climate change. 

 6,573 6,140 0 9,811 

Natural Fuels Reduction trending toward desired 

condition 
0 9,811 9,647 0 9,811 

Precommercial Thinning 0 5,563 5,563 0 5,563 

Western White Pine Daylight Thinning 0 1,060 0 0 1,060 
 

Discussion: Because the alternatives were designed to address ecosystem restoration needs, the 

differences in ecological restoration between the alternatives are generally proportionate to the acres 

treated. Alternative 2 most effectively addresses restoration of species composition and density because 

this alternative treats more acres, moving more acres toward the desired condition.    
 

Alternative 2 moves more acres toward the desired species and density levels therefore having a larger 

impact on resistance and resiliency. Alternatives 2 reduces effects to the greatest degree from drought, 

fire, insects disease and climate change as the desired species are drought resistant and fire-tolerant, with 

good resistance to insects and disease. Alternative 3 is second most effective.      

Alternative 2 most effectively addresses restoration needs to trend the greatest number of acres toward 

desired conditions, therefore trending to a condition that is most adapted and resilient to disturbances 

from insect and disease infestations and uncertain environmental conditions such as climate change. 

Alternative 3 trends a large amount of acres toward desired condition species composition and density 

levels therefore reducing the risk of mortality from MPB.  
 

Alternative 2 most effectively addresses restoration at a landscape level by restoring historic patch size, 

therefore most effectively mimics historic conditions. It is assumed that natural conditions are restored 

where treatment is moving the stand toward the VRU target conditions and these conditions would be 

best adapted for future environments. Alternative 3 is the second most effective, however this alternative 

does not attempt to restore historic patch size.   
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Alternative 2 most effectively addresses increases in early successional stages in this cool and moist VRU 

(7 and 9) which has a beneficial effect for lynx forage, providing a pulse of habitat for snowshoe hare.  

Alternative 3 also creates a forage pulse for lynx however to fewer acres. 
 

Both alternatives 2 and 3 treat 423 acres with a commercial thinning harvest, a type of intermediate 

treatment. These thinning treatments have the potential to develop into multi-storied lynx habitat within 

20-50 years. Thinning the stand would create an environment for regeneration to occur in varying stages 

moving the stand into multi-storied condition in the future. Without commercial thinning of these heavily 

stocked stands they would likely move into the stem-exclusion stage and then would not develop into a 

multi-storied condition without disturbance.   

 

Landscape Function: All alternatives were designed to address historic composition, structure and 

patterns within other resource needs, and KNFP direction. All alternatives address the potential for 

climate change and increase resistance and resiliency to the degree of planned treatments. Alternative 2 

most effectively addresses landscape function due to the highest amount of treatment acres, and the 

largest amount of intolerant species restored and restoration of historic patch size. Alternative 3 is the 

next most effective 
 

All planned and reasonably foreseeable actions combined with the proposed activities in Alternative 2 or 

all harvest and prescribed fire would treat up to 24% of the analysis area.   

 

HARVEST 

Direct and Indirect Effects  

Stand Improvement  

Improvement harvests are proposed for stands that have higher than historic density and natural fuels. 

These sites would be opened up to an average BA of 50-60 on the dryer sites, and 70-90 BA on the moist 

sites. Ponderosa pine and western larch would be strongly favored for leave where they exist. There may 

be pockets of open areas but they would generally not exceed 15% of the unit. During implementation, 

units or portions of units may be dropped where BA reduction is not viable due to harvest economics or 

lack of adequate leave trees. These residual basal area objectives are consistent with historic stand 

densities and species composition resulting from mixed severity fire.   
 

This intermediate treatment would not replace the existing stand and would improve the existing species 

composition and forest health by removing less desirable DF, LPP, grand fir, hemlock, cedar and native 

non-disease resistant western white pine, and some of the smaller western larch and ponderosa pine, and 

insect and disease infested trees. The harvest treatment would retain the best Douglas-fir and most of the 

ponderosa pine and western larch. The residual stand structure would vary in size and arrangement. The 

remaining overstory would not be evenly spaced, but would be variable based on existing stand structure, 

condition and species composition. Opening the stand would increase the growth and vigor of the residual 

conifers and increased sunlight to the forest floor would stimulate growth of understory vegetation.  
 

Prescribed fire or machine piling is planned to reduce natural down and ladder fuels for some units. 

Spring underburning or grapple piling would reduce the amount of natural fuels, interrupt the succession 

of the more tolerant species, and help the ponderosa pine and western larch maintain dominance in these 

stands. Fire would also move the understory shrubs, grasses and forbs back to their early seral stages and 

increase forage amount, nutrition and palatability. Prescribed fire may be deferred if there is unacceptable 

risk of killing more than 10-15% of the leave trees either through the fire directly or by stressing the trees 

and increasing the risk of insect attack.  
 

Yarding tops without prescribed fire or machine piling is planned in units that are too steep to pile, and do 

not have sufficiently large residual trees that would survive prescribed fire.  

 

Commercial Thinning treatments are prescribed to reduce stand density (of trees) primarily to favor 

desired species and improve growth and improve forest health. Commercial thinning is prescribed in many 
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stands with ponderosa pine that are at high risk for losses from MPB as they are currently overstocked and 

at high risk for mortality. To accomplish these objectives, this treatment would focus on thinning the 

stands and removing excess and/or poor-quality trees, mid-tolerant or intolerant tree species such as 

Douglas-fir and grand fir, and smaller diameter trees that are less tolerant of fire. The intention of leaving 

the best quality tree and the needed spacing of those trees is to produce a more resilient stand condition 

that are less susceptible to MPB and represent a fire-tolerant tree species and reduced ladder fuels. These 

units would be whole tree yarded. Several units would require winter logging so as not to exceed the 15% 

maximum detrimental soil disturbance.  
 

On the cool and moist vegetation types (VRU 7) these thinning treatments have the potential to develop 

into multi-storied lynx habitat within 20-50 years. Thinning the stand would create an environment for 

regeneration to occur in varying stages moving the stand into multi-storied condition in the future.   

Without commercial thinning of these heavily stocked stands, they would likely move into the stem-

exclusion stage and then would not develop into a multi-storied condition without disturbance.   

 

Improvement with Shelterwood Harvest 

Improvement harvest with shelterwood openings would occur in stands that have higher than historic 

stocking. These dry DF types would be opened up to an average BA of 40-60 square feet per acre. 

Ponderosa pine and WL would be strongly favored for leave where they exist. Up to 50% of the unit may 

be in shelterwood openings (25-40 BA) within these units. Shelterwood openings would occur in areas 

with stagnant DF that lack acceptable leave trees and areas with heavy insect or disease infestations.    
 

These residual basal area objectives are consistent with historic densities and species composition. This 

intermediate BA reduction treatment would not replace the existing stands, but would improve the 

existing species composition and forest health by removing less desirable DF, retaining the best DF and 

most of the PP and WL. Stand composition would vary from 80-90% DF in the stands with little available 

ponderosa pine or western larch. The residual structure would vary in size and arrangement. Overstory 

trees would not be evenly spaced, but would be variable based on existing stand structure, condition and 

species composition. Opening the stand density would increase the growth and vigor of the residual 

conifers and increased sunlight to the forest floor would stimulate growth of understory vegetation.  
 

The shelterwood openings would replace the existing stand, but would retain the large overstory trees 

consistent with historic disturbance patterns. Stand structure would change from mid-late seral conifers to 

early-seral conifers with reserve mature overstory of Douglas-fir, ponderosa pine and western larch, with 

BA of 25-40 square feet. Opening the canopy would encourage regeneration of early seral understory 

vegetation and increased sunlight would stimulate growth and vigor of existing understory vegetation.    

Prescribed fire to reduce natural down and ladder fuels is planned for all units. Spring underburning 

would reduce the amount of natural fuels, interrupt the succession of Douglas-fir, and help the ponderosa 

pine and western larch maintain dominance in these stands. Fire would also move the understory shrubs, 

grasses and forbs back to their early seral stages and increase forage amount, nutrition and palatability 

and stimulate any aspen clones within the units.   
 

Natural seeding is expected in these treatment units, but supplemental planting of ponderosa pine would 

ensure that this species is restored. 

Shelterwood with Reserves Harvest 

Shelterwood harvest would retain 20-40 BA of mid-late seral overstory to function as a seed source, 

shade and stand structure, as well as genetic seed reservoirs, relic overstory trees and future snags.  

Ponderosa pine and western larch would be favored for leave where they exist. In their absence, the 

larger, most vigorous Douglas-fir would be retained.   
 

These regeneration openings would replace the existing stand, but would retain the large overstory trees 

consistent with the historic pattern of mixed lethal to lethal fire. Stand structure would change from mid-

late seral conifers to early-seral conifers with a reserve mid-late seral overstory of ponderosa pine, 

western larch and Douglas-fir. The residual overstory would vary in size and arrangement. They would 

not be evenly spaced, but would be variable based on existing stand structure, condition species 
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composition and visuals and other resource objectives. 
 

The opening of the canopy would encourage regeneration of early seral understory vegetation and 

increased sunlight would stimulate growth and vigor of existing understory vegetation.   
 

Site preparation would be through prescribed fire or machine scarification. Spring underburning would 

reduce the amount of natural fuels, prepare the sites for regeneration, interrupt the succession of Douglas-

fir and help the ponderosa pine and western larch establish dominance in these stands. Fire would also 

move the understory shrubs, forbs and grasses back to their early-seral stages and increase forage amount, 

nutritional value, and palatability, and stimulate any aspen clones within the site.   
 

Some natural seeding of WL, lodgepole pine and Douglas-fir is expected in these treatment units, but 

supplemental planting of ponderosa pine and western larch would ensure that these species are restored. 

 

Seedtree with Reserves Harvest 

Seedtree harvest would retain 10-25 square feet of BA of mid-late seral overstory to function as a seed 

source, and stand structure, as well as genetic seed reservoirs, relic overstory trees and future snags.  

Ponderosa pine and western larch would be favored for leave where available. Where ponderosa pine and 

larch are not available, the larger, most vigorous Douglas-fir would be retained. A minimum of 10 leave 

trees per acre would be retained.   
 

These regeneration openings would replace the existing stand, but would retain the large overstory trees 

consistent with the historic pattern of fire. Stand structure would change from mid-late seral conifers to 

early-seral conifers with a reserve mid-late seral overstory of ponderosa pine, western larch and Douglas-

fir. The residual overstory would vary in size and arrangement based on existing stand structure, 

condition, species composition and visual or other resource objectives.  
 

The opening of the canopy would encourage regeneration of early seral understory vegetation and 

increased sunlight would stimulate growth and vigor of existing understory vegetation.   
 

Site preparation would be mostly through prescribed fire in the spring or fall with some grapple piling to 

prepare the sites for regeneration, interrupt the succession of tolerant to mid-tolerant species, restore 

ponderosa pine, western larch, or western white pine to a dominant component in these stands. Site 

preparation through prescribed fire or grapple piling would also move the understory shrubs and grasses 

back to their early seral stages and increase forage amount, nutritional quality and palatability, and 

stimulate any aspen clones within the site.     
 

Natural seeding is expected in these treatment units, but supplemental planting of western larch, 

ponderosa pine, rust resistant western white pine, and potentially aspen on appropriate sites would ensure 

that these species are restored. 
 

Clearcut with Reserves Harvest 

Clearcut harvest would retain 10-15 square feet of BA of mid-late seral overstory to function not as a seed 

source, but for stand structure, genetic seed reservoirs, relic overstory trees and future snags. Ponderosa 

pine and western larch would be favored for leave where they exist. Where western larch and ponderosa 

pine are not available to meet the minimum of 4-8 trees per acre, the largest or most vigorous Douglas-fir 

would be retained. A minimum of 4-8 leave trees per acre would be retained.  

These regeneration openings would replace the existing stand, but would retain the large overstory trees 

consistent with the historic pattern of mixed lethal to lethal fire. Stand structure would change from mid-

late seral conifers to early-seral conifers with a reserve mid-late seral overstory of ponderosa pine, 

western larch and Douglas-fir. The residual overstory would vary in size and arrangement based on 

existing stand structure, condition and species composition.  
 

The opening of the canopy would encourage regeneration of early-seral understory vegetation and 

increased sunlight would stimulate growth and vigor of existing understory vegetation.   
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Site preparation would be mostly through prescribed fire in the spring or fall and some grapple piling to 

prepare the sites for regeneration, interrupt the succession of tolerant to mid-tolerant species, and restore 

ponderosa pine, western larch or western white pine to a dominant component in these stands. Site 

preparation through prescribed fire or grapple piling would also move the understory shrubs and grasses 

back to their early seral stages and increase forage amount, nutritional quality and palatability.     
 

Some natural seeding is expected in these treatment units, but planting of western larch, ponderosa pine, 

rust resistant western white pine, and potentially aspen on appropriate sites would ensure that these 

species are restored, and the sites are adequately stocked. 

 

Combinations of Seedtree/Shelterwood Regeneration Harvest 

Regeneration mosaics are proposed for units that vary between a seed tree and shelterwood, depending on 

the location within the unit. Overall effects would be most similar to a seed tree harvest as described 

previously. 

 

Harvest Treatments Individually and Collectively  

Harvest treatments individually and collectively would create openings between residual trees, retain 

larger fire resistant trees and reduce fuel loads. These treatments would increase within unit survival rates 

in the event of a large scale fire, would decrease the likelihood of a crown fire, and to some degree buffer 

areas on the leeward side of the treated stand. Collectively, the treatments would allow the landscape to 

sustain itself in the aftermath of a wildfire (Skinner 2008). 

 

Reducing stand density, treating fuels, and maintaining or restoring intolerant and mid-tolerant species 

such as WL, PP, rust resistant western white pine, Douglas-fir and aspen, combined with the buffering 

effects, would increase stand and landscape level resistance and resilience to predicted climate change.  

 

NON-HARVEST TREATMENTS  

Direct and Indirect Effects  

Stand Density-Hazard Fuel Reduction, through a Combination of Slashing and Prescribed Fire 

Density reduction and hazard fuel reduction is proposed for stands that have conifer stocking, natural 

fuels and ladder fuels that are higher than would occur within historic fire regimes. The dry to moderately 

dry Douglas-fir types would be opened up to an average BA of 40-60 square feet per acre, and the moist 

VRUs would be opened up to 60-120 BA through a combination of slashing, and prescribed fire.  

Ponderosa pine and western larch would generally not be slashed. The residual basal area objectives are 

consistent with historic densities.   

 

This treatment would not replace the existing stands, but would improve the existing species composition 

and forest health by removing less desirable Douglas-fir and other tolerant species, while retaining the 

larger thick barked Douglas-fir and most of the PP and WL. Stand composition would vary based on 

existing stand conditions, but would generally retain 70-80% intolerant to mid- tolerant fire resistant 

species such as western larch and ponderosa pine. The residual stand structure would be variable based on 

existing stand structure, condition and species composition. There would be inclusions with BA as low as 

20 and as high as 140, but the overall averages would be consistent with the objectives described 

previously. Opening the stand density would increase the growth and vigor of the residual conifers and 

increased sunlight to the forest floor would stimulate growth of understory vegetation.   

   

Prescribed Fire 

Prescribed fire, following harvest or without harvest, would reduce natural fuels, prepare the site for 

regeneration of intolerant conifers, interrupt the succession of Douglas-fir and help the ponderosa pine, 

western white pine and western larch maintain or establish dominance on these sites.  
 

Prescribed fire without harvest treatment would open the canopy through mortality in the smaller trees 

and the larger tolerant to mid-tolerant conifers, and prepare the site to encourage regeneration of early 
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seral understory vegetation. The increased sunlight, combined with the consumption of older plant 

material, would move the understory shrubs and grasses back to their early seral stages and increase 

growth, vigor, forage amount, nutrient quality and palatability. Species that are maintained by fire 

disturbance such as aspen, redstem ceanothus and willow may become common across the dryer portions 

of this landscape, and willows, maples, alder, huckleberry and other shrubs may be common in the drier 

VRUs.   
 

Prescribed fire may increase susceptibility of ponderosa pine to MPB beetle attack through this additional 

disturbance. Depending on the site, the prescribed burning would be delayed after the harvest disturbance 

to reduce susceptibility  

 

Fire Suppression 

Fire suppression activities would continue in the analysis area. Composition of the vegetation in untreated 

areas, including forbs, shrubs and trees, would continue to shift toward a more tolerant, climax condition.  

This functionally disrupts both the vegetation and animal species that have evolved to depend upon 

landscape components historically present within the desired condition range of variability. In these areas, 

natural events such as wind and insects would continue to set the stage for stand replacing fire. The 

decision to allow natural fire to burn within the analysis area, rather than suppress fire, is beyond the 

scope of this project.  

 

Precommercial Thinning  

Precommercial thinning would occur in overstocked, sapling-size trees that have been initiated in the past 

15-25 years. This treatment would reduce tree density, reduce competition, reduce crown continuity, 

improve growing conditions, restore and favor shade-intolerant species such as PP and western larch and 

mid-tolerant western white pine, which are more resilient to fire insect and disease, and improve growing 

conditions of the remaining trees by reducing competition for light and nutrients.    
 

This type of thinning occurs when stands are typically 15-20 years old. The purpose of the treatment is to 

improve species composition, growth and vigor on the residual crop trees. Trees with poor form and 

insect and pathogen problems would be removed. Thinning would select for desirable trees with 

resistance to insects and pathogens. Daylighting of blister rust resistant white pine is proposed in 

Alternative 2.    
 

Precommercial thinning increases seral species composition of ponderosa pine, western larch and western 

white pine.   

 

Daylight Thinning of Western White Pine 

White pine precommercial thinning and pruning (~ 212 acres) would be done on plantations that are in 

lynx habitat but have planted rust-resistant western white pine trees. White pine precommercial thinning 

(daylighting of white pine) clears competing vegetation adjacent to planted rust-resistant western white 

pine trees at a fixed radius. Daylighting removes competing trees greater than 2 feet in height around 

desired trees within a 10-12 foot radius circle. Pruning removes the lower branches of WWP trees. 

Branches infected by blister rust or near enough to the ground to be highly susceptible to infection are 

removed to prevent spread of the disease to the tree stem. Pruning is done to reduce the potential for 

mortality caused by blister rust. White pine precommercial thinning is intended to improve the chances of 

the WWP trees reaching maturity. By daylight thinning and pruning, the white pine would compete better 

with surrounding vegetation of the stand and maintain lynx habitat. Only 20% of each stand would be 

thinned in order to be in compliance with the Northern Rockies Lynx Management Direction (NRLMD). 

 

Prescribed Fire Treatments Individually and Collectively  

Prescribed fire treatments individually and collectively would create openings between residual trees, 

retain larger fire resistant trees and reduce fuel loads. These treatments would increase within unit 

survival rates in the event of a large scale fire, would decrease the likelihood of a crown fire, and to some 

degree buffer areas on the leeward side of the treated stand. Collectively, the treatments would allow the 
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landscape to sustain itself in the aftermath of a wildfire (Skinner 2008). 
 

Reducing stand density, treating fuel and maintaining or restoring intolerant and mid-tolerant species such 

as western larch, PP, rust resistant western white pine, DF and aspen, combined with the buffering effects, 

would increase stand and landscape level resistance and resilience to predicted climate change. 

 

Planting 

Enabling plantations to respond to potential climate change would be addressed by planting a minor 

component (up to 25%) of the seedlings from a lower elevation seed lot to address the predicted climate 

change, while ensuring the survival of plantations within the context of historic conditions. This is one 

strategy to maintain resilient forests for projected future climates of an upward shift of species. Managers 

need to think of planting stock that would survive now, but still grow well into the future (Fox 2007). All 

seedlings would be sown from local seed sources and a minimum of 75% of the planted stock would be 

suitable and adapted to the existing site conditions. Planting rust resistant western white pine would 

increase the presence of this species on the landscape measurable by the number of acres planted. While 

the proposed acres are small, they would incrementally increase the presence of this key species. Also 

planting ponderosa pine and western larch, trending toward desired conditions that are best adapted to 

disturbance would increase site resiliency.    

 

Effects of Silvicultural Treatment on Genetic Diversity 

Genetic diversity is the basis of all biodiversity, because it provides raw material for the adaptation, 

evolution and survival of species and individuals, especially under changed environment and disease 

conditions (Rajora 1999). Forest management practices and natural disturbances such as fire can impact 

genetic variability. Genetic diversity has been measured for various reforestation methods. Naturally 

regenerated lodgepole pine was found to have slightly lower heterozygosity than planted and unharvested 

stands (Thomas 1999). Rajora found genetic diversity of natural regeneration to be comparable to old 

growth, and that plantations had less diversity primarily because the genetic base for reforestation was 

relatively narrow in white spruce (Rajora 1999). Genetic implications of natural and artificial regeneration 

following shelterwood and clearcuts were analyzed in coastal Douglas-fir and found that harvesting 

followed by either natural or artificial regeneration resulted in little alternation of genetic diversity. 

Artificial regeneration had significantly greater levels of genetic diversity than natural regeneration 

(Thomas 1999). It appears the consequences of even-age silvicultural systems would have little change in 

the genetic diversity of forest tree populations at least in one generation because we are retaining leave 

trees on site and we have seed collection and tree improvement guidelines to ensure we maintain a broad 

genetic base and meet genetic diversity objectives in our reforestation program (FSH 2409.26f). There is 

some concern that phenotypic selection for certain qualities that are prescribed in the intermediate harvest 

could reduce the genetic diversity within a stand. Increased pollen dispersal and edge effect could reduce 

this potential impact. Retaining relic trees, uncut patches and a second layer of trees as prescribed in the 

silvicultural treatments should help to maintain the natural gene pool.   
 

Potential for Increased Insect and Disease Activity 

Disturbances caused by insect and diseases occur in all terrestrial ecosystems. Insect and disease are 

important causes of small to large gaps in forest canopies. They can affect major structural or species 

changes in the ecosystem. FS reports have consistently shown insects and pathogens cause more losses 

than any other damaging agent, including fire. Insects and pathogens often interact with each other as well 

as with climate and fire. Past management practices may increase the frequency, intensity and extent of 

many outbreaks. Such practices include harvest beyond historic rotation ages for a given species, 

removing intolerant species and leaving tolerant species, not removing diseased overstory trees and 

suppression of fires. The widespread droughts of the late 1980s preceded and predisposed vast areas in 

the west to insect and pathogen attack (Haack and Byler 1993). Fire suppression increased stand densities 

that in turn indirectly increased insect and disease populations.  
  
As untreated stands within the East Reservoir analysis area progress towards more shade tolerant species, 

insect and disease occurrences are likely to increase. Grand fir, subalpine fire, hemlock and Douglas-fir 
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are more susceptible to root and stem decays than are more shade-intolerant species such as western larch 

and ponderosa pine, and western white pine. On the warm and dry sites, these shade tolerant species 

would likely be less resistant to insect and disease impacts due to moisture stress during the warm periods 

of the year. On a given site, the tolerant species are more nutrient and moisture demanding, thus more 

likely to be stressed on these lower productivity sites and during times of drought. They are therefore 

predisposed to insect and disease attack due to stressed conditions. 
 

Although it is difficult to quantify the increased risk and effects of defoliators, root disease, bark beetles, 

etc., that would result in a tolerant stand on a given site, experience on adjacent National Forests such as 

the Idaho Panhandle, the Lolo, Helena, etc., as well as the Boise National Forest, and the Blue Mountains, 

shows that vast acres could be lost through insect and disease followed by a high probability of 

catastrophic fire. Significant problems in these climax species stands started within 60-100 years 

following fire suppression and harvest activities that increased the tolerant species component. 
 

The potential for increased insect levels in untreated stands with predicted climate change is high. Forest 

insect and disease species are an important indicator species for assessing climate change. Assessing 

insect and disease species response to climate change indicates intensification in all aspects of outbreak 

behavior, particularly with MPB, gypsy moth, spruce beetle and spruce budworm (Logan 2003, Pg. 135, 

136).   
 

Unless weather patterns change to ones more favorable to their host and less conductive to beetle survival 

and population expansion, or management activities reduce availability of hosts, MPB populations would 

continue until few susceptible hosts remain in many stands (USDA FS 2007). Western spruce budworm 

has been recorded on the KNF over the past few years. The only other time defoliation from budworm 

was recorded on the KNF in the past 59 years was in the late 70s (USDA FS 2007). There are close to two 

million acres of Douglas-fir in the state of Montana that are relatively susceptible to Douglas-fir beetle.  

Preventive management is the key to reducing the outbreak potential (USDA FS 2007). Recent 

observations in heavily defoliated stands suggest there may be a relationship between heavy defoliation 

by western spruce budworm and Douglas-fir beetle attack (USDA FS 2007). 
 

Stands proposed for density reduction or regeneration would decrease in susceptibility to most insect and 

diseases in the long-term due to favoring intolerant species and reducing stress on residual trees through 

reduction of competition for moisture, light and nutrients. All vegetation treatments in this project are 

designed to restore historic composition, density, structure and function consistent with historic 

disturbance processes; therefore the treated areas should be more resilient to insect and disease 

infestations with or without climate change than the untreated areas. 
 

In the short-term, susceptibility to MPB, Douglas-fir beetle and other secondary insects may be increased 

following fire induced stress on residual trees. 
 

Partial harvest in Douglas-fir dominated stands may increase the susceptibility of residual trees to root 

disease. Douglas-fir is more susceptible to root and stem decays than other species such as western larch, 

ponderosa pine and lodgepole pine. In general, Douglas-fir is not the priority species to retain, but there 

would be a mix of Douglas-fir within the partially harvested stands.   
 

Windthrow  

Proposed treatments may increase windthrow above existing conditions, particularly in areas where 

regeneration openings are larger than 10 acres, where the unit is topographically unprotected, where 

density reduction is adjacent to an existing opening, or where leave trees have defective root systems due 

to root disease or over maturity. Units on more susceptible landtypes (Landtypes 101, 112, 152) have a 

higher risk of windthrow. Refer to the Landtype summary in the Soils Section of this document. All 

proposed treatments would open up the existing stand and may increase the risk of windthrow because the 

winds would move down closer to the ground. Windthrow is not expected to exceed 10-15% of the stand 

unless there are unusual circumstances. 
 

Other Activities 
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A combination of additional activities is included in the action alternatives. These include road storage, 

implementation of BMPs, road reconstruction, recreation improvements and trail construction. These 

activities would not contribute a measurable effect to forest vegetation because they have a minimal effect 

on vegetation and ecology.  
 

Forest Carbon Storage 

Recent literature shows that regeneration and young stands are generally a carbon source until new trees 

are established, and their carbon uptake exceeds emissions from decomposing dead organic material. As 

the stands develop, the carbon sink would increase until peaking at an intermediate age and then would 

gradually decline. Young dense stands (9-23 years) have a low carbon source, which increases through 

about 95-106 years and is again low in old stands (Law et al. 2003). Precommercial and commercial 

thinning may initially decrease the carbon storage by reducing stand density, and by releasing carbon 

from decomposition of the slash. However, thinning would accelerate the stand growth and should 

provide a carbon source sooner than an un-thinned stand. Regeneration harvest would reduce on-site 

carbon storage until such a time that the stand has regenerated and is occupying the site at a similar 

capacity of the pre-harvested state. There is a potential beneficial role in reducing greenhouse gasses 

when the treatment reduces the threat of wildfire released carbon or when carbon can be stored in wood 

products or be used to offset fossil fuel use (Finkral 2008).   
 

Thinning and release are often proposed as forest management practices to increase forest carbon 

sequestration. Some growth simulation models have indicated that controlling competing vegetation at an 

early age helps to maximize stand growth and carbon storage in some stands and does not increase carbon 

storage in other stands and species. However, thinning dense young stands may increase carbon storage 

over the life of the stand in most stand types (Schroeder 2006). The author also noted that thinning may 

increase the loss of soil carbon, by reducing canopy cover and disturbing the surface and thus accelerating 

decomposition rates (Schroeder 2006). In contrast, release in a southern pine ecosystem was found to 

increase total carbon storage over the life of the stand, and to promote soil carbon storage. Thus, forestry 

practices that reduce vegetative competition apparently increase carbon sequestration in some 

circumstances, but not in others, limiting generalizations about their potential for increasing carbon 

sequestration (Schroeder 2006). 
 

For the mastication fuel treatments, most of the biomass (and carbon) would remain on site, but carbon 

release would be accelerated because the biomass would decompose more quickly. 
 

Spot grapple piling treatments would only pile the larger slash material in concentrated areas and would 

leave roots, limbs, leaves or needles, and other advanced decay woody material. Carbon would continue 

to be released as this material decomposes but at a slower rate than the material that is piled.   
 

Many research studies presume that the carbon from slash is released within a year of the harvest; others 

presume that it is quickly absorbed by new growth resulting from the treatment. Data on the extent of 

various slash treatments and on the carbon impacts of the various treatments are sparse (Gorte 2007). 

 

Fires in forests can significantly affect the carbon cycle. Fire is a self-sustaining chemical process that 

quickly mineralizes organic matter; in minutes, fires convert organic matter into its components - 

minerals, water vapor and CO2. The likelihood, extent, and/or frequency of wildfires may be exacerbated 

by expected climate change (Gorte 2007). Reducing the potential fire severity through fuel reduction is 

consistent with carbon storage objectives. 
 

There is little literature on forest and forest soil carbon. It is speculated that forestry activities that disturb 

soils, would likely reduce soil carbon levels (Gorte 2007). 

  

Carbon Flux 

A comment received on past projects mentioned that forest management should shift from logging to 

carbon storage. The comment also cites eight published papers to support the assertion that ñthis type of 

management has the potential to double the current level of carbon storage in some regions.ò 
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Management of the NFS does not emphasize ñlogging.ò Rather, management of all National Forests, 

including the KNF, emphasizes multiple-use as prescribed by the Multiple-Use Sustained-Yield Act of 

1960 and the NFMA. Accomplishment of these statutory objectives is defined in the KNFP. Neither the 

principal statutes nor the KNFP require or suggest that carbon storage supersede the statutorily defined 

purposes of national forest management. 
 

Although not a statutorily defined purpose of NFS management, forests provide a valuable ecosystem 

service by removing carbon from the atmosphere and storing it in biomass. The KNF currently stores an 

estimated 171.1 (± 3.9) million metric tons (Mt) of carbon
1
. This represents about 0.004 % of the total of 

approximately 42,654 Mt of carbon in forests of the coterminous US (US EPA 2008). Preliminary 

estimates indicate that the KNF is a net carbon sink, removing from the atmosphere approximately 31 

metric tons of carbon per acre per year.   
 

Sustaining forest productivity and other multiple-use goods and services requires that land managers 

balance multiple objectives. The long-term ability of forests to sequester carbon depends in part on their 

resilience to multiple stresses, including increasing probability of drought stress, high severity fires and 

large scale insect outbreaks associated with projected climate change. Management actions, such as those 

in the East Reservoir Project, that trend vegetation to a fire resilient landscape, maintain the vigor and 

long-term productivity of forests, reduce the likelihood of high severity fires and insect outbreaks, and 

store carbon in harvested wood products, increases the capacity of the forest to sequester carbon in the 

long-term. Thus, even though some management actions may in the near-term reduce total carbon stored 

below current levels, in the long-term they improve the overall capacity of the forest to sequester carbon, 

while also contributing other multiple-use goods and services. 

 

Contribute to a Sustained Yield of Timber 

The desired condition is to provide forest products within the sustainable capability of the ecosystem.  

One of the purposes provided by Congress for the management of NFS land is to ñfurnish a continuous 

supply of timber for the use and necessities of the citizens of the United Statesò (Organic Act, 16 USC 

475). One of the objectives of the KNFP is to provide a sustained yield of timber volume responsive to 

national and regional needs, scheduled to encourage a stable base of economic growth in the dependent 

geographical area (KNFP page II-1): KNFP management area goals also call for a programmed yield of 

timber (KNFP, pages II-1, III-43, III-48, III-64, III-69, III-74). There is a need to supply wood products in 

response to societal demands and contribute to local jobs and income. 
 

Table 3.31 - Harvest Volume and Acres Harvested by Alternative 
 

INDICATOR  ALT 1  ALT 2  ALT 3  (MMBF)  

Volume Removed 0 49 (MMBF)  30 

Acres Harvested 0 8,845 5,817 
Volume figures do not include roundwood volume. 

Cumulative Effects 

Cumulative effects of the alternatives that would affect vegetation and ecology include past activities and 

recurring management activities on private lands; and past actions, and pre-approved activities on NFS 

                                                 
1
 This estimate is based on data collected in the 1990S on 351 Forest Inventory and Analysis plots and stored in the Forest Inventory and 

Analysis database (USDA Forest Service 2006). Calculations are from the Carbon On-Line Estimator (http://ncasi.uml.edu/COLE). The estimate 

includes total above ground carbon (bole and crown of live trees, bole and crown of aboveground standing dead trees, coarse woody debris, 

understory vegetation, and forest floor detritus) and below ground carbon in soil and roots.    
 

These estimates are preliminary because two or more directly comparable forest surveys are not yet available for the KNF. In the late 1990s the 

Forest Inventory and Analysis Program switched from periodic sampling to annual sampling, and established a nationally consistent sampling 
and plot design (Gillespie 1999; Bechtold and Patterson 2005). A complete cycle of annualized inventory has not been completed yet for the 

KNF. The reported estimates are calculated by the GForest software program of the National Council of Air and Stream Improvement, Inc., based 

upon comparison of the annual inventory ñpanels.ò The standard error varies by year, and ranges from 1.37 to 2.56 on the KNF. The GForest 
software program can be accessed at http://ncasi.uml.edu. These estimates are expected to change over the next 5 to 10 years with the completion 

of repeat inventory of individual plots. 

 

http://ncasi.uml.edu/COLE
http://ncasi.uml.edu/
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lands, such as, noxious weed treatments, road maintenance and fire suppression. All the past management 

activities have been incorporated into the existing conditions discussion on vegetation. All planned and 

reasonably foreseeable actions would be incorporated into the alternatives as cumulative effects.    
 

Table 3.31A - Cumulative Potential Vegetation Treatment Summary (acres) 
 

TREATMENT  ALT 1  ALT 2  ALT 3  
ONGOING 

ON NFS 

DNRC 

LANDS 

MAX 

CUMULATIVE  

(CUM AND PA) 

Regeneration Harvest 0 2,528 1,906 0 198 2,726 

Intermediate  Harvest  0 6,573 6,140 0 0 6,573 

Fuel Treatment by Prescribed Fire  0 15,102 13,205 1,080 0 16,182 

Precommercial Thinning 0 5,653 1,695 760 0 5,653 

*Western White Pine Daylighting  0 905 0 0 0 1,123 

Total Treatment Acres 0 31,661 22,581 1,670 198  

Harvest on DNRC lands are based on harvest information that the state provided for 2012 and beyond. 

*= 20% of the total acres that would be treated. 
 

CONSISTENCY with REGULATORY FRAMEWORK  
National Forest Management Act (NFMA) of 1976 

In accordance with the NFMA of 1976, timber harvest and regeneration practices shall be designed to 

assure lands are satisfactorily restocked within five years after final harvest. Restocking is satisfactory 

when the harvest area contains the minimum number, distribution and species composition of 

regeneration as specified in a site-specific silvicultural prescription written or reviewed by a certified 

silviculturist. Five years after final harvest means five years after clearcutting; five years after final 

overstory removal in shelterwood cutting; five years after seedtree removal cut in seedtree cutting or five 

years after selection cutting. 

 

In order for a harvest area to be certified as stocked, it must meet the following criteria defined in the FS 

Silvicultural Practices Handbook, Chapter 2 - Reforestation (FSH 2409.17, 2.72-2): 

a. Establishment. Established regeneration, both planted and natural regeneration must have survived at 

least three growing seasons and be healthy with good buds and leaders. 

b. Quantity. The number of established seedlings on the stand meets stocking levels including tree 

numbers and distribution described in the silvicultural prescription. 

c. Future Treatments. The silviculturist has determined that the stand requires no further regeneration 

treatment or regeneration exams. Seedlings are free to grow and there are no conditions that would 

affect stocking levels. 

 

In addition, the Kootenai National Forest has reforestation stocking guidelines that identify minimum 

acceptable stocking (KNF 2010).  

Regeneration survey records have been analyzed for each habitat type group affected by proposed units in 

the project. The results demonstrate assurance that these sites can be adequately restocked within the 

required timeframes. (Refer to the project file for a summary of past regeneration success on the District 

by habitat type groups.)  

 

Biodiversity 

The NFMA requires that Forest plans "preserve and enhance the diversity of plant and animal 

communities... so that it is at least as great as that which can be expected in the natural forest" (16 U.S.C. 

1604(g)(3)(B)). In order to ensure that viable populations would be maintained, habitat must be provided 

to support at least a minimum number of reproductive individuals. The habitat must be well distributed so 

that those individuals can interact with others in the planning area. 

 

The East Reservoir Project ensures that biological diversity is maintained by managing stands, VRUs and 

the landscape consistent with historical disturbance processes and an assessment of potential future 
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environments.  

 

All  conifer planting would use local seed sources and all seeding of roads, landings, etc. would be seeded 

with short duration annual weed-free certified seed mixes, an approved native seed mix from local seed 

sources, or the Standard Kootenai Mix, which has been determined to be a non-invasive mix of annuals, 

biennials and perennials. 

 

Land Suitability  

As a precursor to the diagnosis process, each stand is examined to determine its current condition and to 

provide a basis for silvicultural decisions. Suitability was determined for each stand in the analysis area in 

accordance with the KNFP. This determination found each stand proposed for treatment as suitable for 

timber management based upon the following: 

1) Each stand meets the definition of forestland as described in the KNFP. 

2) Technological feasibility exists to ensure soil productivity and watershed protection. All sites 

considered for treatment would use established harvesting and fuel reduction methods. In combination 

with resource protection standards in the KNFP and applicable BMPs, these methods would be 

sufficient to protect soil and water resource values. 

3) There is reasonable assurance that lands can be restocked within five years of final harvest. Historical 

records on the Libby Ranger District in this area indicate that most of the stands treated with a final 

regeneration harvest have either met or are on the proper stocking trajectories to meet specified 

stocking levels for land management objectives within five years.    

4) The stands proposed for treatment have potential growth (cubic/feet/acre/year) that classifies them as 

suitable for timber harvest in accordance with NFMA Findings - Uneven-age vs. Even-age, Optimality 

of Clearcutting. 

 

NFMA Findings - Uneven-age vs. Even-age, Optimality of Clearcutting  

Target stands as described in the KNF Habitat Type Groups and Target Stands (USDA 1999), and 

supplemented by the target stands for VRU 1 and 2 in the project file, provide the basis for considering 

uneven-aged management. If an uneven-aged stand is ecologically feasible on the site and will benefit 

allocated resources, this target is described and compared to the existing stand.  

 

If uneven-aged management is not ecologically feasible or will not provide forest conditions that benefit 

allocated resources, an uneven-aged alternative should not be carried forward as a viable alternative. 

Uneven-aged management in the areas proposed for harvest, is not consistent with the historic range for 

these sites. Uneven-age harvest would perpetuate regeneration of Douglas-fir, grand fir, subalpine fir, 

hemlock and cedar, retain the unnaturally high stocking and fuel conditions, and increase the probability 

of large-scale high-severity fire. Multi-age stands were common on some of the driest sites due to the 

periodic fire but the classic uneven-age stand is not within historic conditions. Based on this analysis, no 

uneven-aged management was proposed for this analysis area.   

Optimality of Clearcutting  

A diagnosis was completed for each proposed unit that considered the historic conditions and target stand 

for the appropriate VRU. On the sites that even-age or two-age management was the target, a seedtree or 

shelterwood system was the first option that was considered. Clearcutting was only proposed for units or 

portions of units that did not have adequate seed trees to regenerate some of the desired species to meet 

target stand objectives. These units would still have a minimum of 10 overwood trees retained for 

structure, relic trees and future snags, but these trees would not be relied on for seeding the unit; therefore 

the appropriate silvicultural system is a clearcut. Refer to the diagnosis matrix in the project file that 

addresses the process of determining the appropriate silvicultural system and the determination of 

optimality of clearcutting. 

 

Effects of Exotic Vegetation and Noxious Weeds 

Refer to the Noxious Weed Section for additional information. 
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Effect to Special Communities-Pacific Yew Populations 

In 1992 guides were established to ensure the long-term viability of pacific yew. Although there are other 

sources of yew for extraction, we still continue to disclose possible effects to yew populations. Yew is 

typically found within Habitat Group D, Warm and Moist VRUs. VRU group 4 and 5 is suitable and as 

some pacific yew populations primarily associated with riparian areas. No substantial quantities of pacific 

yew have been noted within any treatment units primarily due to the stand replacing fire in 1910 and the 

late seral stage that pacific yew is generally associated with.  

 

Effects on Residual Trees and Adjacent Stands (windthrow) 

See discussion on page 3-35 of this document. 

 

CONSISTENCY with FOREST PLAN DIRECTION  
Proposed harvest treatment areas are within Management Areas (MAs) 10 (Big Game Winter Range), 11 

(Big Game Winter Range/Timber), 12 (Big Game Summer Range/Timber), 13 (Designated Old Growth), 

15(Timber Management), 16 (Timber/Viewing), 17 (Viewing/Timber), 18 (Minimum Use due to 

Regeneration Concerns), 19 (Minimum Use Steep Slope), 5 (Viewing Areas), 6 (Developed recreation) 

and 24 (Low Productivity). 
  
Regeneration harvest is generally proposed within MAs that are suitable for timber management. In 

Alternative 2, regeneration treatments are proposed in MA 16 and 17. These treatments are designed to 

mitigate for visual concerns; treatments in all action alternative (2and 3) are designed to improve 

recreation opportunities   
   
All treatments are designed to restore ecological conditions by moving stands and the landscape toward 

the VRU target conditions, while improving forest health, resiliency and reducing natural fuels. All 

actions considered in depth were designed to manage vegetation consistent with big game habitat, and 

social objectives, and address the potential for climate change. 

 

KOOTENAI NATIONAL FOREST PLAN GOALS and OBJECTIVES 

Effects of the Alternatives on Producing a Programmed Yield of Timber 

Alternative 2 would harvest and utilize almost 39 million board feet of green and dead timber. Alternative 

3 would harvest nearly 34 million board feet. Roundwood volume would be in addition to this estimated 

sawlog volume. In addition to the amount of volume harvested, the ability to sustain a programmed yield 

of timber is dependent on good forest management practices. All harvest of green trees is designed to 

move stands toward VRU target conditions.  

 

Openings Greater than 40 Acres 

Alternatives 2 would create openings greater than 40 acres. Alternative 2 would initiate or contribute to 

an existing early successional patch, 6 openings for a total of 1,118 acres. The purpose of designing large 

treatment areas is to mimic natural processes of large patch sizes in VRU 4, 5, 7 and 9 that occurred 

historically. Openings created by Units 36, 73T, 75, 80, 170 and 188 are in VRU 4: Units 147, 148 and 

149 are in VRU 5; Units 40, 62 and 150 are in VRU 7 and unit 362 is in VRU 9.     
 

UNIT 

# 

HARVEST 

METHOD  
STAND ID 

STAND 

ACRES  

 ACRES of EXISITING 

OPENING 

TOTAL OPENING 

ACRES 

RECOVERY 

PERIOD 

 #62 

 

Seedtree 55702014 

55702021 

55702022 

23 

40 

14 

0 77 acres 5 years 
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UNIT 

# 

HARVEST 

METHOD  
STAND ID 

STAND 

ACRES  

 ACRES of EXISITING 

OPENING 

TOTAL OPENING 

ACRES 

RECOVERY 

PERIOD 

#147 

#148 

#149 

#150 

Seedtree 
55701013 

55701014 

55701017 

55701086 

55701013 

55701016 

55701010 

55701027 

55701087 

55701018 

55701034 

55701071 

55701074 

55701083 

55701088 

28 

42 

22 

1 

3 

74 

6 

57 

2 

17 

5 

20 

24 

8 

29 

0 338 acres 5-15 years 

depending on 

MA 

#170 Seedtree 55802061 

55802062 

55802099 

39 

41 

17 

 97 5 years 

#73T 

#75  

#188 

#80 

#36 

 

Seedtree/ 

Shelterwood 

 

56004016 

56006020 

56006022 

56006023 

56006026 

56006101 

    21 

40 

49 

45 

82 

21 

0 258 

 

 

5-15 years 

depending on 

the MA 

#40 Seedtree 

56203011 

56203043 

56203112 

56203113 

56203046 

56203042 

56203016 

22 

11 

25 

47 

25 

11 

15 

0 156 5 years 

#362 
Clearcut with 

Reserves 

56307045 

56307070 

56307044 

56307062 

56307071 

56307046 

56307036 

22 

20 

46 

14 

23 

37 

30 

0 192 15 years 

Total Acres = 1,118 
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SOILS RESOURCE INTRODUCTION                                                                                                              

INTRODUCTION  
This section discloses the results for the soils resource in the East Reservoir Project analysis area on soil 

productivity. Field surveys regarding soils for this project were conducted in 2010 and 2011 using the R1 

Soils Protocol (USDA FS 2011a).  

 

REGULATORY FRAMEWORK  
The regulatory framework pertaining to soils is summarized here. For additional information, please refer 

to the Soil and Water Regulatory Framework in the Soil and Water Project File. 

 

STATE and FEDERAL LAWS and REGULATIONS  

The regulatory framework providing direction for protecting a site's inherent capacity to grow vegetation 

comes from the following principle sources: 
 

The Multiple Use-Sustained Yield Act of 1960 (Federal Law) - The Multiple Use-Sustained Yield Act 

of 1960 directs the Forest Service (FS) to achieve and maintain outputs of various renewable resources 

in perpetuity without permanent impairment of the land's productivity. 
 

The National Forest Management Act of 1976 (NFMA) (Federal Law) - Section 6 of the NFMA 

(Section 6(g)(3)) states that harvest cuts shall be ñcarried out in a manner that is consistent with the 

protection of soil resourcesò and that ñsoil, slope, or other watershed conditions will not be irreversibly 

damagedò. To comply with NFMA, the Chief of the FS has charged each Forest Service Region with 

developing soil quality standards for detecting soil disturbance and monitoring long-term productive 

potential.   
 

Regional Soil Quality Standards (2554.03-R1 Suppl. 2500-99-1) - The Regional 1 Soil Quality 

Monitoring Supplement (R-1 Supplement 2500-99-1) provides soil quality standards to assure the 

statutory requirements of NFMA are met. Manual direction recommends maintaining 85% of an 

activity areaôs soil at an acceptable productivity potential with respect to detrimental impacts, including 

the effects of compaction, displacement, rutting, severe burning, surface erosion, loss of surface organic 

matter, and soil mass movement. This recommendation is based on research indicating that a decline in 

productivity would have to be at least 15% to be detectable (Powers, 1990). In areas where more than 

15% detrimental soil conditions exists from prior activities, the cumulative detrimental effects from 

project implementation and restoration should not exceed the conditions prior to the planned activity 

and should move toward a net improvement in soil quality. These standards do not apply to 

infrastructure and intensively developed sites such as permanent roads/landings, mines, developed 

recreation and administrative sites. 
 

The Kootenai National Forest Plan (KNFP) and Soil and Water Conservation Practices Handbook 

(FSH 2509.22 R-1/4 Amendment No. 1 Effective 5/88) - The KNFP states that soil and water 

conservation practices (SWCPs) as outlines in Water Conservation Practices Handbook R-1/R-4 

Amendment No. 1 (FSH 2509.22) will be incorporated into all land use and project plans as a principle 

mechanism for controlling non-point pollution sources and meeting soil and water goals, and to protect 

beneficial uses. Activities found not in compliance with soil and water conservation practices or State 

standards will be brought into compliance, modified, or stopped (Volume 1 p II-23). Best Management 

Practices (BMPs) consist of state-of-the-art practices that fulfill KNFP objectives and are designed to 

minimize soil disturbance during harvest and road construction activities. 
 

The KNFP states that effects on soil productivity will be evaluated for all projects involving heavy 

equipment and that the total area allocated to concentrated equipment travel should be minimized.   
 

Objectives 
Ground-disturbing activities such as road construction, road reconstruction and timber harvest will be 

accompanied by mitigation measures to prevent or reduce increases in sedimentation and stream 
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channel erosion. The amount of harvest allowed will depend on the rate of recovery after hydrologic 

recovery after timber has been removed (Volume 1 P II-7). 
 

Each project plan for which the use of heavy equipment is required shall evaluate the effect of operating 

that equipment on soil productivity. When it is determined that equipment operation is a hazard to soil 

productivity that project shall: 

 Establish a standard for how much of the project will be allocated to skid trails, landings, temporary 

roads, or similar areas of concentrated equipment travel. The standard shall minimize the area 

allocated to those uses to the extent practical. 

 Consider the potential hazard to soil productivity before planning the practices requiring the operation 

of equipment off established roads and skid trails. Practices such as dozer piling of brush or 

mechanical site preparation shall not be planned without considering the feasibility of limiting the soil 

conditions under which these practices are applied or alternative practices that do not require the use 

of equipment (Volume 1 P II-7). 

 

ANALYSIS AREA  
The direct and indirect effects of the alternatives will focus on individual activity areas as defined by the 

Forest Service Manual (R-1 Supplement No. 2500-99-1): 

ñActivity Area:  A discrete land area impacted by a management activity to which soil quality 

standards are applied. Activity areas include harvest units within timber sale areas, prescribed 

burn areas, and grazing areas or pastures within range allotments. Inclusion of system roads 

within the activity area is dependent on the analysis objectives. System roads are often evaluated 

separately; however, temporary roads, landings, and skid trails are included within an activity 

area. Riparian and other environmentally sensitive areas may be monitored and evaluated as 

individual activity areas within larger management areas.ò 
 

For this analysis, activity areas are the proposed harvest, fuel treatments and stand improvements. All 

temporary roads, landings and firelines within activity units are considered in evaluating the effect to the 

soil resource. System roads are not a part of the soils activity areas. 

 

ANALYSIS METHODS  
Existing Condition  

Existing condition for the soils resource were determined using timber stand records, aerial photography, 

GIS data and on-the-ground visits. Landtypes and hazard ratings were gathered from landtype 

descriptions and characteristics found in the Soil Survey of Kootenai National Forest Area, Montana and 

Idaho (Kuennen and Gerhardt 1995).   

 

All units containing evidence of existing soil disturbance related to past management activities received a 

full qualitative field survey using R1 Soil Survey Procedures. Field soil surveys consisted of random 

stratified transect/sample point methods with confidence intervals at or above 80% ± 5% with the 

majority of surveys being 95% ± 5%. Completed soil surveys can be found in the Soil Project File and/or 

District Files. Existing detrimental soil disturbance numbers are a result of all currently measureable 

effects of past actions in each activity area, including but not limited to timber harvest (trails and 

landings), temporary road construction, management related burns, cattle grazing, off highway vehicles, 

natural disturbances, firewood gathering, etc. These methods provide data that is used in the analysis to 

determine if KNFP and Regional Soil Quality Standards would be met.   

 

Field Sampling Procedure 

In order to determine the severity and aerial extent of existing soil disturbance from previous forest 

management activities, randomly selected soil transects were conducted across representative portions of 

the proposed activity areas (proposed harvest polygons, temporary roads, and landings). Every other step 

is considered a sample location and sampled using common tile spade shovel to determine the resistance 
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of penetrating into the soil. Physical resistance to penetration was found to correlate quite well with 

altered soil conditions related with past management activity. In areas displaying the strongest properties 

of past management an activity, the shovel blade is only capable of penetrating a short distance into the 

soil and with great effort. 

 

Field sampled transect points were placed in one of three categories: 1) no disturbance; 2) disturbance 

present but not detrimental; and 3) detrimental soil disturbance (DSD). The detrimental disturbance 

category is considered detrimental as defined in FSM 2550 and Region 1 Supplement 2500-99-1. As a 

result, DSD is defined as the proportion of an activity area that may be subject to displacement, 

compaction, rutting, erosion, or severe burning due to past management activity (such as harvest, fuels 

treatment, temporary road construction), exclusive of dedicated resources (such as system roads).   
 

Detrimental Soil Disturbance (DSD) 

The soils in an activity area are considered detrimentally disturbed at a given sample point when one or a 

combination of any of the following attributes listed below is present due to past forest management 

activities:   

a. Compaction: A 15% increase in natural bulk density. Soil compaction reduces the supply of 

air, water and nutrients to plants. Roading, ground based yarding, dozer and grapple piling 

activities are the major contributors to compaction. 

b. Soil Ruts: Machine-generated soil displacement having smeared the soil surface in a rut.  

Wheel ruts at least 2 inches deep in wet soils. 

c. Displacement: Removal of one inch or more surface soil continuous area greater than 100 sq. 

feet which often consists of the O and A soil horizons. Displacement removes the most 

productive part of the soil resource. Temporary roads, skid trails, ground-based yarding, 

dozer piling and cable corridors are the major contributors to displacement. 

d. Surface Erosion: Indicated by rills, gullies, pedestals and localized soil deposition.   

e. Severely Burned Soils: Physical and biological changes to the soil resulting from high-

intensity burns of long duration as described in the Burned Area Emergency Rehabilitation 

Handbook (FSH 2509.13).   

f. Soil Mass Movement: Any soil mass movement caused by management activity.  
 

The potential detrimental soil disturbance (DSD) values were calculated based on a summation of past 

monitoring of soil productivity (KNF 1988-present date) within the Kootenai National Forest (KNF) 

(Table 3.32). The percentage were developed as an average soil disturbance level and equated to harvest 

equipment type, fuel treatment methods and season of operation as calculated from soil monitoring data 

collected (2000-2005). Timber removal had always occurred prior to the ñpost-harvest field surveysò and 

includes mechanical fuel abatement activities such as excavator piling activity if present. The end DSD 

figure is a composition of all disturbances and does not separate each category of disturbance values 

where present within each unit. Thus, the value of 8% DSD for summer tractor is a ñstatistical summaryò 

which takes into account all activities such as skid trails but temporary roads, mechanized piling and 

firelines if present within the units being surveyed at that time and date. New temporary roads are 

considered 100% detrimentally disturbed through the removal organic matter, displacement and/or 

compaction while re-opening an existing temporary road is considered to have 0% additional detrimental 

disturbance as such roads are considered to be disturbed for greater than 50 years. Temporary roads yield 

an average 2 acres of DSD per mile of road. These would be the direct and indirect effects to the soils. 
 

Soils Table 3.32 - Monitoring  Results of DSD from Management Activities on the KNF  
(Kuennen 2007a) 

 

CATEGORY  SEASON OF OPERATION DSD  COEFICIENTS (%) 2   

Skyline NA 1 

Tractor Summer 8 

Tractor Winter 4 

Forwarder Summer 4 
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CATEGORY  SEASON OF OPERATION DSD  COEFICIENTS (%) 2   

Forwarder Winter 2 

Feller Buncher 
3
 NA 2 

Helicopter NA 0 

Excavator Piling 
1
 NA 2 

Fire line Construction 
1
   

5
 NA 1 

Grazing 
1
 NA 2 

Tractor 2ndary entry Summer 4
5
 

Tractor 2ndary entry Winter 2
5
 

Forwarder 2ndary entry Summer 2
5
 

Forwarder 2ndary entry Winter 1
5
 

 1 DSD percent is not necessarily additive to other activities. This is because the percentages presented for each management activity included 
some units with excavator piling, fire line construction, and/or grazing in the data set.  In addition, disturbance from these activities within 

harvest units usually overlaps at least a portion of the skidding disturbance. 
2  The numbers for this document were based on percentages from the last five years.  Previous documents have used eighteen year averages. 

Typically the larger data set is more accurate, but because the eighteen year data set included practices that are not used anymore (i.e. dozer 

piling) it was deemed more appropriate to use the more accurate information pertaining to modern harvest and slash disposal methods.   
3  Feller Buncher must be operated straight up and down the fall line on slopes not exceeding 45%.  Where such harvest activities occur on 

skyline units an additional 2% DSD is expected to occur.  
4  Fire line construction prior to 1995 included dozer activity while data collected following 1995 generally included handline construction or 

excavator bucket-width activity.  As a result there has been a significant reduction of fire line disturbance in a given unit.   
5    In proposed secondary entry harvest units which currently are equivalent or exceed 8% current DSD the proposed ground based harvest 

activities are proposed as having approximately a 50% disturbance value compared to similar harvest activities in currently undisturbed soils 

(Louis Kuennen pers. comm. 2011).  This reduction in the anticipated DSD values only applies to ground based harvest operations.  It is 
assumed that units containing less than 8% DSD are more historic in nature and are on a recovery trend as displayed by revegetation of historic 

skid trails and second-growth stand conditions.  As a result the reduction in secondary entry values will not apply to such stands. 

 

Generally, detrimental effects on soils are not permanent and depend primarily on soil texture, parent 

material, aspect and level of disturbance, i.e. compaction. Recovery begins once activities cease on the 

site (Kuennen 2007b). However, vegetative recovery time may take approximately 30 to 70 years as the 

second growth timber becomes established in and around the disturbed areas (Dykstra and Curran 2002; 

Froehlich and McNabb 1983; Froehlich and others 1983 and 1985). In areas where soil displacement 

mixes or moves the volcanic ash surface layer and reduces moisture holding capacity and productivity 

may continue to be impacted far beyond the 70 year timeframe.   

 

Indirect effects may include the reduction of site productivity due to the removal of vegetation and 

nutrients. Large woody debris (woody residue >3ò diameter) and finer organic material are essential for 

maintenance of sufficient microorganism populations and long-term site productivity. Design features 

(Table 2.34) are incorporated into the activities to manage large woody debris (LWD) and organic matter 

as detailed in the research guidelines contained in Graham and others (1994). Where feasible, smaller 

woody material such as tree tops, foliage and branches would be left to over-winter before fuels 

treatment, which allows nutrients to leach out of these materials and into the soil.  

 

Cumulative effects include the combination of direct and indirect effects from past, present and 

reasonably foreseeable activities. Direct, indirect and cumulative effects on soils are measured within 

each activity area. Existing system roads and designated landings on the National Forest System (NFS) 

transportation system are considered dedicated lands and are not part of the cumulative effects.  

 

Assumptions and Limitations 

The potential detrimental disturbance numbers for each proposed harvest unit are based on empirically 

derived coefficients that were obtained and averaged from numerous monitored sites throughout the KNF 

(Kuennen 2003; Kuennen 2007c). The assumptions are limited to the harvest and slash disposal methods 

for which coefficients have been determined, and its coefficients assume that BMPs will be implemented. 

The predicted values do not account for changes in soil type, the recovery of soils over time, or existing 

conditions.  

Evaluation of cumulative effects to soil productivity does not require an integrated ñwatershed scaleò 

assessment because that is not considered an appropriate geographic area. Soil conditions are site-
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specific. Loss of soil productivity i n one treatment unit would not lead to a loss in soil productivity in an 

adjacent stand. Soil productivity can vary from one square foot to the next with each area functioning 

independently. Thus, the highly variable and independent nature of soil productivity requires site-specific 

analyses to maintain the proper context. Assessments of cumulative effects on soil productivity is retained 

at the site specific boundary scale since analysis at the watershed scale for soils misrepresent management 

activity effects by masking  and/or diluting site-specific effects across a larger area. In contrast, soil 

processes such as erosion regime and hydrologic functions occur at a watershed scale and have been 

analyzed as such in Water Resource Reports. 

  

Scientific Uncertainty and Controversy 

Soil productivity relies on complex chemical, physical, and climatic factors that interact within a 

biological framework. For any given site and soil, a change in a key soil variable (i.e. bulk density, soil 

loss, nutrient availability, etc.) can lead to changes in potential soil productivity. The intent is to prevent 

extensive detrimental soil disturbance that would result in a measurable decline in timber productivity for 

a site. The Region 1 supplement requires that DSD should be limited to 15% of an activity area. The 

value of 15% is based on the assumption that soil quality and productivity would be maintained if less 

than 15% of an activity area is detrimentally impacted after disturbance (Page-Dumroese et al. 2000). 

 

Currently the effects of soil disturbance on soil quality are being studied across North America by a 

cooperative research project called the North American Long Term Soil Productivity Study (LTSP). The 

study began in 1990 and is currently ongoing in order to provide the best available science to forest 

managers. Results over the past ten years indicate that there is little evidence of adverse effects of surface 

organic removal or soil compaction on productivity as measured by total biomass production, and the 

growth and vigor of planted trees (Powers et al. 2004). 

 

Additional controversy surrounds the use of the term óirreversibleô in NFMA. NFMA has guidelines that 

ñinsure that timber will be harvested from NFS lands only where soil, slope, or other watershed 

conditions will not be irreversibly damaged.ò The DSD described in this analysis does not necessarily 

result in permanent or irreversible damage. Detrimental soil damage is reversible if the processes (organic 

matter, moisture, top soil retention, soil organisms) are in place and time is allowed for recovery.  

 

AFFECTED ENVIRONMENT  
SOIL REFERENCE CONDITIONS  

The analysis area is underlain by metamorphic sedimentary rock known as the Belt Formation. These 

rocks were formed approximately a billion years ago from metamorphosed sea beds. These deposits were 

changed into hard dense rock formations as a result of combined pressure and heat over time. This 

geologic formation forms a relatively stable foundation which is not prone to failure. 

 

The majority of the land area on the KNF was influenced by glaciers. The glaciation generally scoured the 

ridge tops and noses and filled the side-slopes and valley bottoms creating a more subdued landscape than 

had existed prior to the historic glacial activities. Generally, major ridge divides and smaller ridge tops 

were scoured leaving exposed, scraped rock. The scoured soil material was pushed around and tended to 

fill in topographic lows (drainage bottoms, etc.). The scouring of the ridge tops and filling of drainage 

bottoms gave the landscape a rounded appearance. Slopes are gentle within the Analysis Area, ranging 

from five to 30 percent in the lower elevations to much steeper slopes (30-60 percent) occurring at higher 

elevations within the Fivemile, Warland, Cripple Horse, Canyon and Dunn Creek drainage basins.   

 

Glacial ice retreated from the area 12,000 to 15,000 years ago. The soil material left in place was 

composed of silts, fine sands and rounded gravels and boulders. As the ice melted, more landforms were 

created, consisting of outwash terraces, eskers, kames and lacustrine terraces.  Most of these landforms 

were created in and/or adjacent to the drainage bottoms. The glacial till contains 35 to 45 percent sub-

rounded rock and has a light-gray color. The fines within the till are mostly coarse silt.   
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Those areas not affected by glaciation and/or the scoured ridge tops consist of soils that are weathering 

"in placeò and are referred to as residual soils. The amount of rock present in residual soils is much higher 

than that associated with a glacial till soil and rock shape is strongly angular.   

 

Approximately 7,700 years ago (Zdanowicz et al. 1999) Mt. Mazama erupted in southwestern Oregon and 

deposited a layer of volcanic ash-influenced loess over northwestern Montana forming a topsoil horizon 

in many local areas. This layer is present on all northerly and easterly aspects and the higher elevations 

(generally 4500 feet or greater) of the southerly and westerly aspects and is important since it increases 

soil productivity and provides the best rooting environment within the soil profile. The ash cap is light 

and feathery and ranges from four to 14 inches thick. The uppermost ash is usually enriched with organic 

matter and has been incorporated into the local soil system. The high soil productivity in the ash-

influenced areas is a result of the low bulk density surface soil layer combined with the high water-

nutrient holding capacity of the ñash capò soils. Generally speaking the sub-soil horizons are not as fertile 

as the surface horizons. 

 

Between the eruption of Mt. Mazama to the early 1900s, the soils were relatively undisturbed.  

Naturally occurring surface erosion and small-scale landslides probably occurred on occasion, but the 

overall magnitude of such activities would have been insignificant in terms of long-term soil productivity. 

Soil recovery in such areas was attained when the slope reached a stable angle and/or naturally 

revegetated. Soil productivity was maintained over the long-term as vegetative matter slowly decomposed 

or burned in low intensity wildfires. 

 

Historically, the most prevalent large-scale disturbance was wildfire. Stand replacing fires varied in 

frequency from 50-300 years, depending on vegetation type and location. Once fire passed through an 

area, erosion increased, especially on steep slopes in headwater swales where most vegetation was 

removed, until sufficient forest floor and canopy vegetation had recovered. Soils may have developed 

hydrophobic conditions following severe fires.  However, soils on the KNF have shown little 

hydrophobicity following wildfires in recent decades, even when those fires burned very intensely; 

therefore, it is unlikely that this condition was common in the past.  More frequent, low-intensity 

underburns are presumed to have had little effect on soils due to the short contact time and lower 

temperatures with these fires. 

 

EXISTING CONDITION  

Existing condition is the result of the past management activities (temporary road and landing 

construction, timber harvest, prescribed burning, etc.) and natural events (wildfire, floods, landslides, etc.) 

that occurred in the analysis area. These activities and events provide baseline conditions for the affected 

environment in the analysis area.    
 

Soils are the basic support system of forest ecosystems, providing nutrients, water, oxygen, heat and 

mechanical support to vegetation. Any environmental stressor that alters the natural function of the soil 

has the potential to influence the productivity, species composition, and hydrology of forest systems. 

Maintenance of soil quality is dependent upon the protection of surface layers from erosion, displacement, 

and compaction, as well as the continual cycling of nutrients and organic material. Soil quality refers to 

the capacity of a soil to function within ecosystem and land use boundaries, to sustain biological 

productivity, maintain environmental quality, and promote plant and animal health (Doran and Parkin 

1994). Various factors influence soil quality. Although management activities do not affect factors such 

as climate and soil parent material, they can affect physical, chemical, biologic, and hydrologic soil 

properties. 

Three criteria were used to assess existing condition for soil resources: 

 Kootenai National Forest Landtypes; 

 Identification of Sensitive Soils; and 
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 Site conditions in the activity area in which proposed activities would occur.   

 

LANDTYP ES 

Landtypes are units based on soil types. There are 50 recognized landtypes on the KNF. Landtype 

classification is based on landforms, geology, soils, vegetation, climate and drainage type. They describe 

inherent conditions and do not change as a result of management. The landtypes were compiled in 

Kuennen and Nielson-Gerhardt (1984), and published in Soil Survey of Kootenai National Forest Area, 

Montana and Idaho (Kuennen and Gerhardt 1995). Landtype classification helps determine equipment 

operating limitations, and the production potential of the landscape. It is an important tool for protecting 

soils during resource management activities. The landtype map is generally quite accurate; however, field 

verification may indicate some site variability. Refer to Soils Map 1: Landtypes, in Soils and Water 

Project File for spatial representation of the landtypes in the analysis area. The landtypes in the East 

Reservoir analysis area were broken down into five generalized groupings or series which include the 

following: 

 Water influenced Landtypes (100 Series): Present in very low relief topography which is highly 

water influenced.   

 Steep topography Landtypes (200 Series): Exist in very steep topographic lands (60% plus). Such 

landform areas are usually rocky slopes and may be convex or linear in shape. 

 Glaciated Landtypes (300 Series):  Exists in areas of past glacial deposits and shaped through time 

by several glacial advances that occurred throughout the KNF. The most recent, the Cordilleran Ice 

Sheet retreated from the area several thousand years before present. These landtypes includes 

glaciated slopes, drumlins, and moraines.   

 Alpine till Landtypes (400 Series): Such landtypes exist in very steep alpine or subalpine locations 

and consist of glacial cirque headwalls or trough walls. 

 Mid -elevation Landtypes (500 series): Such landtypes are residual in nature and developed on site 

and are typically mid-slope in elevation. 

 

The landtypes in the analysis area and their implications are displayed in Soils Table 3.33. 
 

Table 3.33 - Landtypes in the Analysis Area (Kuennen and Gerhardt 1995) 
 

LANDTYPE  ACRES 

TIMBER MANAGEMENT  ROAD CONSTRUCTION/ MAINTENANCE  

TRACTOR 

OPERATORS 

SEDIMENT 

HAZARD  

CUT AND 

FILL SLOPES 

NATIVE 

SURFACE 

MATERIAL  

SEDIMENT 

HAZARD  

101
2
 452 Soil Damage Severe None Erosion Severe 

102
2
 524 Soil Damage Moderate None Rutting Severe 

103 212 Soil Damage Severe None Erosion Severe 

105
2
 342 N/A

1
 N/A

1
 None None Moderate 

106
2
 848 Soil Damage Moderate None Erosion Moderate 

108
2
 909 Soil Damage Moderate None Rutting/Erosion Severe/Moderate 

110
2
 626 Soil Damage Moderate None Rutting Severe 

201
2
 2721 N/A

1
 N/A

1
 None Large Stones Moderate 

251
2
 1103 Slope, Rock Severe None Large Stones Moderate 

252
2
 2980 Slope Severe None Rock Fall Moderate 

301
2
 2879 None Moderate Sloughing Erosion Moderate 

302
2
 7542 Slope Moderate Sloughing Erosion Moderate 

303
2
 4882 Rock Moderate None Large Stones Slight 

324
2
 819 None Moderate Sloughing Erosion Moderate 

329
2
 2014 Soil Damage Moderate Sloughing Erosion Moderate 

351
2
 731 Slope Severe Landslides Erosion Severe 

352
2
 28538 Slope Moderate Sloughing Erosion Moderate 

353
2
 4547 Soil Damage Moderate None Large Stones Slight 

355
2
 26910 Rock Moderate None Large Stones Moderate 
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LANDTYPE  ACRES 

TIMBER MANAGEMENT  ROAD CONSTRUCTION/ MAINTENANCE  

TRACTOR 

OPERATORS 

SEDIMENT 

HAZARD  

CUT AND 

FILL SLOPES 

NATIVE 

SURFACE 

MATERIAL  

SEDIMENT 

HAZARD  

357
2
 1560 Slope Severe Landslides Large Stones Severe 

360
2
 675

2
 Rock Slight None Large Stones Slight 

365
2
 207 Slope Severe Landslides Erosion Severe 

510
2
 522 Complex Slope Severe None None Slight 

999 0      
1 Not applicable because landtype has only scattered stands of trees. 
2 Landtypes present within proposed harvest or fuel treatment units. 

 

Of the 50 recognized landtypes on the KNF, 23 of these landtypes are found in the analysis area.  

Management activities on each landtype are designed to be comparable to the risk associated with the 

landtype.   

 

SENSITIVE SOILS  
Sensitive soils are identified based on one of three characteristics: 1) landtypes of concern, 2) riparian/ 

wetland areas; and 3) low productivity soils. Sensitive soils comprise 14,809 acres or 16% of the entire 

analysis area. Sensitive soils are best addressed through avoidance, BMPs, buffers, and/or through design 

criteria.   
 

Landtypes of Concern  

There are seven designated ñlandtypes of concernò on the KNF that should be given additional 

consideration prior to the introduction of management activities. These are landtypes 102, 112, 325, 351, 

365, 370 and 520 (Kuennen 2007). Within the East Reservoir analysis area only four landtypes of concern 

are present and consist of 1,462 acres or less than 2% of the entire analysis area scale. These are landtypes 

102 and 351 and 365. When viewed at the discrete unit-specific scale, only landtypes 102 and 351 are 

present which make up roughly 304 acres or approximately 3% of the soils analysis area. It should be 

noted that landtype 365 is only present in proposed Fuels and Wildlife (FW) units.   
 

Riparian/Wetland Areas 

There are scattered riparian corridors and small patches of wetland areas in the analysis area. Riparian and 

wetland soils are considered sensitive due to high moisture levels all or most of the year, and moist soils 

are more prone to compaction, displacement, rutting and puddling. Harvest and road construction 

activities would avoid wetland areas.   
 

Low Productivity Soils  

Soil productivity as defined by Brady and Weil (2002) is ñthe capacity of a soil for producing a specific 

plant or sequence of plants under a specified system of management.ò The most productive part of the soil 

occurs near the surface, at the contact between the forest litter and the mineral soil. Here the litter has 

been decomposed into an organic rich layer containing most of the soil nitrogen, potassium and 

mycorrhizae that must be present for a site to be productive. However, this is also the part of the soil that 

is easiest to disturb by management activities.   
 

Soil productivity levels for each landtype on the KNF are classified as low, moderate or high in Kuennen 

and Gerhardt (1995). It is important to look at soil productivity to properly assess the effects of potential 

actions on a specific area. For instance, if timber harvest is proposed on a given area of land that was 

considered as having low soil productivity, additional actions may need to be taken to insure a fully 

stocked stand after harvest. Table 3.34 displays soil productivity by landtype in the analysis area.   
 

Table 3-3 Soil Productivity in the Analysis Area (Kuennen and Gerhardt 1995) 
 

LANDTYPE  ACRES FOREST VEGETATIVE GROUP  
RELATIVE 

PRODUCTIVITY  

101
2

 452 Moist, Mixed Forest High 
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LANDTYPE  ACRES FOREST VEGETATIVE GROUP  
RELATIVE 

PRODUCTIVITY  

102
2

 524 Dry to Moist, Mixed Forest High 

103 212 Moist, Mixed Forest High 

105
2

 342 Non-Forested N/A1 

106
2

 848 Moist, Mixed Forest High 

108
2

 909 Moist, Mixed Forest Moderate 

110
2

 629 Moist, Mixed Forest High 

201
2

 2,721 Rocky Subalpine to Dry Mixed Forest Low 

251
2

 1,103 Open-grown forest Moderate 

252
2

 2,980 Moist, Mixed Forest Moderate 

301
2

 2,879 Dry, Mixed Forest Moderate 

302
2

 7,542 Dry, Mixed Forest Moderate 

303
2

 4,882 Open-grown forest Low 

324
2

 819 Dry, Mixed Forest Moderate 

329
2

 2,014 Dry, Mixed Forest Moderate 

351
2

 731 Moist, Mixed Forest High 

352
2

 28,538 Moist, Mixed Forest High 

353
2

 4,547 Rocky Subalpine to Moist, Mixed Forest Low 

355
2

 26,910 Moist, Mixed Forest Moderate 

357
2

 1,560 Moist, Mixed Forest High 

360
2

 675 Sub-alpine Forest Low 

365
2
 207 Sub-alpine Forest Moderate 

510
2

 522 Open-grown forest Low 

999 0 N/A Null 

TOTAL TREATED ACRES = 92,546 
1 Not applicable due to landtype having only scattered stands of trees  
2 Landtypes present in the Soils Analysis Area 

 

Of the 23 landtypes within the analysis area, 22 have proposed management activities under at least one 

of the action alternatives and are thus included as being in the soils analysis area. The majority of the 

analysis area has moderate to high soil productivity. However, landtypes 201, 303, 353, 360 and 510 are 

all rated as having low soil productivity from a Forestwide aspect. This equates to 13,347 acres or 14% of 

the entire analysis area. Management activities proposed on each landtype are designed to be compatible 

with the risks associated with that landtype. Application of appropriate management precautions (BMPs) 

such as avoiding timber harvest in wet seasons, maintaining buffer zones below open slopes, and skidding 

over snow or frozen ground can decrease negative impacts to soil productivity.   

 

SITE CONDITIONS in the ACTIVITY AREAS  

Site conditions are considered for each activity area in the effects analysis portion of this assessment.  

Past activities in the analysis area have resulted in impacts that persist today. Past activities affecting soils 

include, but are not limited to, road construction, timber harvest (including skid trails and landings), 

prescribed wildfires, cattle grazing, firewood gathering and off-highway use. Percent DSD is defined by 

agency directives for Soil Quality Monitoring found in FSM R-1 Supplement No. 2500-99-1. The 

following are the categories of detrimentally disturbed soils identified in FSM R-1 Supplement No. 2500-

99-1: Compaction, Rutting, Displacement, Surface Erosion, Severely Burned Soil and Mass Movement 

(Landslides). All types of detrimental soil disturbance listed in FSM 2554.1.1 will be considered in the 

examination of the existing condition and the analysis of the environmental effects. 
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The four factors that have had the most impacts on soils in the analysis area are: 

 Road Construction 

 Timber Harvest 

 Fire Impacts 

 Livestock Grazing  

 

Road Construction 

Common impacts to soils from road construction are displacement, compaction, and erosion (road-related 

runoff). Road construction affects soils by displacing topsoil layers from the road prism and compacting 

the road surface and shoulders. The road surface will not support trees and other forest vegetation as long 

as the road is used and maintained. Trees and shrubs will grow along the road bank, but site productivity 

is less than in unaffected soils in similar productivity zones.  
 

Roads also disrupt hydrologic processes that occur within the soil profile. The cut slope intercepts 

subsurface flow and the compacted road surface reduces precipitation infiltration. As long as roads 

remain on the landscape, the impacts to soils persist. When road use ceases, soils gradually begin to 

recover. Implementation of BMPs reduces erosion and the rerouting of water associated with roads. It 

should be noted that a number of the lower basin FS roads were constructed where early railway timber 

rail-lines previously existed.    
 

Roads are categorized as ñNational Forest System Roadsò (NFSR) (dedicated under the are transportation 

plan) or ñUndeterminedò which are non-dedicated roads that are not the road miles which fall into the 

category of being dedicated roads (FS, State, Private) are not calculated as contributing to soil disturbance 

as these are ñpermanent structuresò and therefore have no relation to the 15% detrimental soil disturbance.  

This is due to the road system not being considered part of the suitable timber land base. However, the 

proposed temporary roads, excavated skid trails and landings do contribute towards the 15% standard.  

Implementation of BMPs reduces erosion associated with such roads. 
 

There are approximately 439 miles of existing road in the analysis area. Of the total, 324 miles are NFSR 

55.4 miles are Plum Creek Timber Company (PCTC) or other private ownership roads, 18 miles are State 

Highway, 9.8 miles are State lands, 11.6 miles combined Bonneville Power Administration (BPA) and 

Army Corps of Engineers (COE), and 20 miles of undetermined roads. Refer to the Transportation 

Section for further information. 
 

Timber Harvest  

Early harvest activities on FS lands included hand-fall and dozer skidding harvest activities in low relief 

land areas while later in time harvest activities was altered to skyline and rubber tire skidders and 

handcut/clipper cutting in land areas further up the drainage system. Two of the more important impacts 

to soils are detrimental soil disturbance (compaction, displacement, rutting, etc.) and removal of organic 

matter. Soil disturbance as a result of timber harvest and fuels reduction is usually associated with 

mechanized activity (Kuennen 2007a). Timber harvest activities can physically alter soils and reduce soil 

organic matter, which can lead to reduced site quality and soil productivity (Heninger et al. 2011).  

Detrimental soil disturbance is defined in FSM 2500-99-1 and typically is the result of compaction, 

displacement and rutting. Soil compaction results from the packing together of soil particles due to 

increased pressure on the soil surface. Compaction associated with equipment is often accompanied with 

formation of ruts, which collect and concentrate runoff, thus increasing erosion. The loss of surface 

organic matter through mechanical removal or burning can cause nutrient and carbon cycle deficits and 

negatively affect physical and biological soil conditions (Harrison et al. 2011). 
 

Soil compaction impacts recover over time due to freeze/thaw activity, burrowing by animals, plant root 

growth and the action of soil microbes. Soil erosion and displacement are impacts that require a longer 

timeframe to recover since the rate of soil formation is very slow. Long-term soil processes are influenced 

by fire, mass wasting, wind-deposition and weathering of parent material at the rate of one inch of topsoil 
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formed every 300-1000 years (Thurow 1991). Timber harvest such as regeneration, intermediate and 

liberation has taken place on 47,067 acres of the analysis area. 
 

Fire Impacts  

Wildfire is a natural component in forest watersheds and has influenced forest soils for thousands of 

years. Records of historic wildfires enforce that the potential for future wildfire remains, especially if a 

fire ignites in untreated areas under dry weather conditions. Approximately 285 smaller ñspot-firesò have 

been recorded in the analysis area since the early 1900s. Most of these fires are believed to have been 

caused by lightning but a significant portion which occurred between the 1900s until about 1930 are 

believed to have been human-related. These small spot fires are believed to have only impacted very 

small areas of land.    
 

Approximately 22 large fires ranging in size from 50-1,000 acres have been recorded since 1872.  

Historically, the larger fires occurred on south, southeast and southwest slope aspects as related to drier 

vegetative stand compositions. The largest fire on record occurred during 1872 and burned a significant 

portion along the eastern boundary of the analysis area. Between 1910 and the 1920s, approximately 15 of 

the 22 large fires occurred. The next significant fire was the Dry Fork fire of 1988 which burned 

approximately 15,000 acres. The two more recent large fires were the 1994 South Fork Cripple Horse Fire 

(approximately 600 acres) and the 2000 Warland Fire (approximately 50 acres). Refer to Fire/Fuels 

Section for more detail.   
 

Many fire effects on soil are not observable with the naked eye (Kuennen 2007b). Severe deteriorating 

effects that wildfires have on soils include loss of organics and nutrients and a reduction of water 

infiltration (Wells et al. 1979). Burns that create very high soil surface temperatures, particularly when 

soil moisture content is low, may result in an almost complete loss of soil microbial populations, woody 

debris and the protective duff and litter layer over mineral soil. Soil erosion increases following fire is 

often directly proportional to fire intensity (Megahan 1990), the removal of ash-capped surface soils as 

related to soil disturbance could reduce soil productivity. As a result, many of the nutrients present in 

surface organics and large woody debris can also be lost to the atmosphere through volatilization and 

removed from the site in fly-ash (DeBano 1991; Amaranthus et al. 1989).   
 

Depending on fire severity and activity characteristics, many plants would survive and re-initiate growth 

soon after a fire. However, the ability of surviving plants to reestablish, thrive and reseed in subsequent 

years is greatly affected by the presence of invasive plants and weeds (Goodwin and Sheley 2001). 

Burned areas can contain high initial nutrient levels, exposed ground surfaces, and low shade with high 

light conditions which all directly favor colonization of invasive plant species. Invasive plant survival 

coupled with fire disturbance can cause rapid expansion of invasive plant growth. As a result, values such 

as wildlife habitat, watershed stability and water quality often deteriorate.   
 

The scenario of a wildfire occurring on sites with accumulated fuels could result in areas of high burn 

severity and hydrophobicity (water repellant soils). This impact is greatly amplified by increased burn 

severity (Huffman et al. 2001). The heat of a fire vaporizes hydrophobic compounds in the organic matter 

and moves them into the soil layer where they condense and form a water repellant coating on the soil 

particles. Soil hydrophobicity usually returns to pre-burn conditions in no more than six years (DeBano 

1981; Dyrness 1976) and other studies have documented a much more rapid recovery of one to three 

years (Huffman et al. 2001). However, before water infiltration rates improve, increased overland runoff 

and sediment movement may occur. The primary risks for erosion and mass failure during this timeframe 

is related to roads, especially near stream crossings. It should be noted that soils within the analysis area 

currently do not display hydrophobic concerns. Table 3.35 displays historic fire activity by decade on 

sensitive soils. 

Table 3.35 - Burns by Decade on Sensitive Soils 
 

ACTIVITY  

LANDTYPE of 

CONCERN1 
LOW PRODUCTIVITY SOILS2 

GRAND 

TOTAL 

(acres) 

% BURN on 

SENSITIVE 

SOILS 351 201 303 353 360 



CHAPTER 3                                                                                                     EAST RESERVOIR PROJECT                                  

SOILS RESOURCE 
 

 

AFFECTED ENVIRONMENT & ENVIRONMENTAL CONSEQUENCES  

Page 72 of 410 

 

ACTIVITY  
LANDTYPE of 

CONCERN1 
LOW PRODUCTIVITY SOILS2 

GRAND 

TOTAL 

(acres) 

% BURN on 

SENSITIVE 

SOILS Broadcast Burning 

Activity Fuels (human 

related, 1960s-1990s) 

2 51 104 42 60 259 <1% 

Jackpot Burning 

Activity Fuels (human 

related, 1980s-1990s) 

0 0 75 0 0 75 <1% 

Jackpot Burning 

Activity Fuels (non-

human related, 1990s) 

30 463 8 1 0 502 1% 

Underburn Low 

Intensity (human 

related, 1970s-2000s) 

18 55 8 54 29 164 <1% 

Underburn Low 

Intensity (non-human 

related -1990s-2000s) 

0 595 137 170 0 902 1% 

NF Stand Modifications 

with Underburn Low 

Intensity (1990s-2000s) 

0 1,415 319 404 72 2,210 2% 

NF Wildfire Burn with 

Underburn Low 

Intensity (1970s-2000s) 

12 1,336 1,898 506 145 3,897 4% 

GRAND TOTAL  62 3,915 2,549 1,177 306 8,009 9% 
1Landtype 102 is also considered to be a landtype of concern but has no recorded past burns recorded to match Soils Table 3-4 categories. 
2Landtype 510 is also considered to be a low productivity soil but has no recorded past burns recorded to match Soils Table 3-4 categories. 

 

Disturbance from fire suppression of small natural wildfires is usually limited to hand tools which result 

in only minor (insignificant) impacts to the soil resource. During fire suppression, closed roads may be 

reopened for access and incorporated as fire lines. As part of the post-fire work, the areas of disturbance 

are rehabilitated and the roads returned to the previous conditions in most cases. 
 

Livestock Grazing 

Livestock grazing impacts generally occur in localized areas where cattle tend to congregate season after 

season (areas offering good forage). Generally, these areas include riparian zones (water sources), harvest 

units, road corridors and meadows. Stream bank trampling/shearing occurs when cattle cross a stream and 

collapse the banks. This can lead to increase in bank scour during high flows. Compaction and stream 

bank trampling/shearing are among the most common soil disturbances resulting from grazing (Thurow 

1991; Kaufman and Krueger 1984). Within the analysis area, historic grazing impacts tend to be 

discontinuous and localized. There is one active range allotment within the analysis area which is the 

Fivemile Creek Allotment. A maximum of 17 cow/calf pairs are allowed in the Fivemile Creek Allotment 

from June 1 to October 15. This allotment is dominantly restricted to privately owned lands and portions 

of the Fivemile Creek drainage system. Although the Warland Creek Grazing Allotment has been inactive 

for over 6 years it will be maintained as a vacant allotment with the potential for grazing in the 

foreseeable future. 
 

Two other grazing allotments are present in the analysis area include the Cripple Horse and Canyon Creek 

allotments. Both of these grazing allotments have been closed through the administrative closure process 

due to declining transitory range, lack of demand and riparian area concerns. Grazing activities associated 

with the analysis area are not expected to have significant impacts on soils conditions and as a result this 

factor will not be carried forward in the Soils Report.   

 

ENVIRONMENTAL CONSEQUENCES 
Three alternatives were developed for the analysis area. These alternatives are discussed in this 

environmental consequences section. It should be noted that some of the key difference between 
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alternatives is related to different target acres for harvest and road construction agreements. The proposed 

alternatives are as follows:  

 Alternative 1 ï No Action 

 Alternative 2 ï Proposed Action   

 Alternative 3 ï Forest Plan Action 

 

The Soils report will analyze in full content the impacts of the action alternatives (2 and 3) as compared to 

Alternative 1, the no-action Alternative. Both Alternatives 2 and 3 are the alternatives that were 

developed to respond to public comments. Alternative 3 was developed to meet KNFP requirements.   
 

Measurement Indicators 

No significant issues were identified for soil resources during the scoping process. Therefore, law 

regulation, and policy drive the effects analysis, specifically: 

 Compliance with NFMA; 

 Compliance with KNFP Standards. 

 

Effects of the alternatives on soil resources will be analyzed in terms of: 

 Activities on Sensitive Soils; 

 Detrimental Soil Disturbance and the 15% Standard; 

 Prescribed Fuels Treatments; 

 Changes in Nutrient Cycling. 

 

SENSITIVE SOILS 

Recall that when viewed at the discrete unit-specific scale Landtypes (LT) 102, 351 and 365 are 

considered landtypes of concern and make up roughly 1,462 acres or slightly more than 1% of the soils 

analysis area. Table 3.36 displays the acres of management activities with potential heavy equipment on 

sensitive soils by alternative.       

Soils Table 3.36 - Unit Acres on Sensitive Soils  
 

SENSITIVE SOILS ALT 1  ALT 2  ALT 3  

Harvest Unit Acres on Sensitive Landtypes (102, 351, 365) 0 150 131 

Commercial Thin Acres on Sensitive Landtypes (102, 351, 365) 0 0 0 

Fuel Treatment on Sensitive Landtypes (102, 351, 365) 0 95 38 

Acres PCT on Sensitive Landtypes (102, 351, 365) 0 71 71 

Fuels and Wildlife Units on Sensitive Landtypes (102, 351, 365) 0 1 1 

% Harvest Acres on Landtypes of Concern (102, 351, 365) 0 2 2 

% of Proposed PCT on Landtypes of Concern (102, 351, 365) 0 1 1 

% Fuels Acres on Landtypes of Concern (102, 351, 365) 0 5 3 

% Fuels and Wildlife Acres on Landtypes of Concern (102, 351, 365) 0 <1 <1 

Harvest Unit Acres on Low Productivity Soils (201, 303, 353, 360, 510) 0 322  365 

CT Acres on Low Productivity Soils (201, 303, 353, 360, 510) 0 6 6 

Acres PCT on Low Productivity Soils (201, 303, 353, 360, 510) 0 389 389 

Acres FW Treatments on Low Productivity LT (201, 303, 353, 360, 510) 0 5,390 5,390 

% of Harvest Acres on Low Productivity Soils (201, 303, 353, 360, 510) 0 5 6 

% of CT Acres on Low Productivity LT (201, 303, 353, 360, 510) 0 <1 <1 

% PCT on Low Productivity LT (201, 303, 353, 360, 510) 0 7 7 

Fuel Treatments on Low Productivity LT (201, 303, 353, 360, 510) 300  ̂ 47 54 

% Fuel Treatments on Low Productivity Landtypes (201, 303, 353, 360, 510) 0 3 4 

% FW Treatments on Low Productivity LT (201, 303, 353, 360, 510) 6 53 53 

Total Acres of Commercial Thin per Alternative 0 2,257 1,875 

Total Acres Precommercial Thin per Alternative 0 5,687 5,687 

Total Acres Fuel Treatment per Alternative* 0 1,378 1,309 

Total Acres of Fuels and Wildlife Vegetative Management  765 10,049 10,049 
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SENSITIVE SOILS ALT 1  ALT 2  ALT 3  

Total Acres of Vegetative Management for timber productivity  0 6,596 5,817 
*Includes Fuel treatments where mechanical fuel treatments may occur 
^An estimated 300 acres of low productivity soils would be treated under Alternative 1 and would occur if the DEIS never gets signed. 

PCT = Precommercial Thin     CT = Commercial Thin     FW = Fuel and Wildlife     LT = Landtype 

 

ALTERNATIVE 1 (No -Action) 

Direct, Indirect and Cumulative Effects 

Alternative 1 does not propose any new timber management, commercial thin, precommercial thin or 

fuel treatments activities on sensitive soils. Therefore, no direct, indirect or cumulative effects to sensitive 

soils would result from Alternative 1. However, if Alternative 1 is selected, there would still be 

approximately 765 acres of Forestwide Fuels treatment acres in Units FWF545, FWF536, FWF52403 and 

FWF589 (Chapter 3 DEIS, pg. 5). Such activities would not involve heavy equipment and thus is not 

expected to impact soils.  

 

ALTERNATIVES 2 and 3  

Direct and Indirect Effects  
Landtypes 102, 351 and 365 are all considered as being landtypes of concern here on the KNF. Under 

Alternative 2, a total of 150 acres (2%) of proposed harvest and activity is located on these landtypes in 

proposed Units 4, 28, 51, 142, 147 and 148. Similarly, Alternative 3 proposes 131 acres harvest (2%) on 

landtypes 102 and 351 in Units 4, 28, 51, 142, 147, 148 and 158A. It should be noted that precommercial 

thin activities are anticipated to have no impacts as such activities do not involve equipment operations. 

 

Alternative 2 proposes approximately 95 acres (5%) of Fuel Treatment acres which are located on 

landtypes 102 and 351 in Units F3, F4, F3OG, F14OG and COEF8. Alternative 3 proposes 38 acres (3%) 

of Mechanical Fuel Treatment activities in such landtypes in Units F3, F4 and COEF8. Note that landtype 

365 is not present in this treatment activity. Under both Alternatives 2 and 3, only 1 acre of combined 

Fuels and Wildlife Treatments are proposed for landtypes 102, 351 and 365. Similarly, commercial 

thinning activities would not involve landtypes 102, 351 and 365 under Alternatives 2 or 3. 

 

The landtypes considered as being low productivity soils within the East Reservoir analysis area include 

landtypes 201, 303, 353, 360 and 510; however, not all management activities include all five of these 

landtypes. Landtypes 201, 303, 353 and 510 are all present in proposed harvest activities where 

Alternative 2 proposes 322 acres (5%) harvest on such landtypes while Alternative 3 proposes 365 acres 

(6%) harvest activity on such landtypes. Under Alternative 2 such landtypes are located in Units 1, 2, 2B, 

2D, 9, 10, 11, 16, 17, 18A, 42, 43, 150, 157, 158, 194T, 367, 367A and 368A, while Alternative 3 

proposes harvest activities in such landtypes associated with Units 1, 2, 2B, 2D, 9, 10, 11, 16, 17, 18, 42, 

43, 157, 158, 158A, 194T, 367 and 367A. Landtypes 303 and 353 are the most widely spread and make 

up 97% of the total acres of proposed harvest activities containing low productivity soils. For both 

Alternative 2 and 3 only minimal amount (<1%) of commercial thin activities are proposed to occur on 

low productivity soils. Alternatives 2 and 3 propose 389 acres or approximately 7% of precommercial 

thin on low productivity soils. Such activities are not expected to impact soils as this will be completed 

using hand cut procedures. 

 

Of the proposed 1,378 acres of Fuels treatment units in Alternative 2, landtypes 201, 303, 353 and 510 are 

all present as a low productivity concerns in proposed Units F1, F15, F15OG, F18 and COEF8 making up 

a total of 47 acres (3%) of the Fuels treatment acres. Alternative 3 proposes 1,309 acres of Fuel treatments 

of which approximately 54 acres (4%) consist of low productivity landtypes. In Alternative 3 those Units 

consisting of low productivity soils include proposed Units F3, F15, F18, and COEF8. A number of the 

fuel treatment units are proposed to receive mechanical fuel treatment activities such as mastication.  

 

Alternatives 2 and 3 propose nearly 53% of all Fuels and Wildlife Unit treatments occur on low 

productivity landtypes (201, 303, 353, 360). These activities involve portions of all such units except 
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proposed management units FW50601, FW502, FW5109, FW511, FW5111, FW5122, FW516, FW521 

and FW589. Such activities are expected to leave a fully stocked stand and do not involve heavy 

equipment activities. This would allow for a continuous input of nutrients through needle-cast and coarse 

woody debris and would maintain soil productivity. Potential indirect effects of harvest on low 

productivity soils may include a slower vegetative return to harvested units.   

 

No harvest activities are proposed in riparian areas or wetlands with Alternatives 2 and 3. Riparian and 

wetland areas are protected under INFS RHCAs (USDA Forest Service, 1995). RHCAs are based on 

direction laid out by INFS and include areas of specified widths that surround stream channels, riparian 

areas and wetlands. By definition, RHCAs are more extensive than the riparian and wetland features they 

protect (see Water Resource Section). RHCAs cannot be reduced to less than the SMZ boundary width 

required by law. As a result, one indirect effect to riparian areas and wetlands could be an increase in 

blow down trees or additional large woody debris from opening the stands in and around wet areas. 

 

DETRIMENTAL SOIL DISTURBANCE (DSD)  
Management activities including, but not limited to, road construction, off-highway vehicle use, timber 

harvest (trails and landings), mechanical fuel treatments, firewood gathering and grazing are considered 

to be potential sources of detrimental soil disturbance. Refer to the Soils Project File for spatial 

representation of past harvest activities. 

 

Table 3.37 displays existing, proposed and cumulative detrimental soil disturbance for each activity area.  

Existing disturbance is based on field surveys. Predicting detrimental and foreseeable activity disturbance 

is based on information from Kuennen 2003; 2007c; 2007e; and Gier et al. 2012 which includes a 

summary of all KNF Soils Monitoring to date with recommendations for analysis based on field results.  

Please refer to the Soil Project File to review these documents. The cumulative percent is derived by 

adding the percentage of disturbance expected from proposed activities and reasonably foreseeable 

activities to the existing disturbance percentage. All harvest activities, prescribed burning, skid trails, 

landings, firelines, excavator piling and temporary roads are included in this analysis. Best Management 

Practices (BMPs) would be followed (Appendix C of the DEIS), and additional design criteria have been 

specified in order to minimize disturbance (refer to the Management Requirements in Chapter II of the 

EIS). Complete soils survey data can be found in the Soil Project File at the Canoe Gulch (Libby) Ranger 

District.   

 

ALTERNATIVE 1 (No -Action) 

Direct, Indirect and Cumulative Effects 

Under Alternative 1, timber harvest and others proposed with this project would not occur. However, 

natural changes in climate and vegetation would continue to occur. Vegetation regeneration and stand 

growth activities would continue to slowly recover over time on existing harvest units resulting in lower 

compaction values due to tree root growth, freeze-thaw activities, and increased soil nutrients from the 

decomposition of forest litter and CWD. Therefore, no direct, indirect or cumulative DSD would result 

from Alternative 1.   
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Table 3.37 - Detrimental Soil Disturbance in Proposed Harvest Units of the East Reservoir Analysis Area 
 

UNIT # 

ACTIVITY 

AREA 

(acres) 

ALTS 2/3 

PROPOSED  

VEGETATION 

TREATMENT  

ALT 2/3 

PROPOSED 

FUELS  

TREATMENT  

ALT 2/3 

PROPOSED 

LOGGING  

SYSTEM  

ALT 2/3 

EXISTING 

DSD (%)1 

ALTERNATIVES POTENTIAL DSD     1/2/3  

PREDICTED 

TEMP 

ROAD 

DSD%2   

PREDICTED  

HARVEST 

DSD% 

CUMULATIVE 

DSD% 

POST- 

HARVEST 

REDUCED 

DSD FROM 

REHAB 4 (%) 

ALTS 2/3 

TOTAL 

POST 

ACTIVITY 

DSD (%) 

1* 50/50 IMP/IMP SGP/SGP WT/WT 1 0/0/0 0/4/4 1/5/5 0/0 1/5/5 

1A*  11/11 SW/SW SGP/SGP WT/WT 1 0/0/0 0/4/4 1/5/5 0/0 1/5/5 

2^* 13/13 ST/ST SUB/SUB WT/WT 10 0/0/0 0/2/2 10/12/12 0/0 10/12/12 

2B^*~ 48/48 IMP/IMP SGP/SUB WT/WT 9 0/0/0 0/2/2 9/11/11 0/0 9/11/11 

2C*~ 9/9 IMP/IMP SGP/SUB WT/WT 7 0/0/0 0/4/4 7/11/11 0/0 7/11/11 

2D*~  67/67 IMP/IMP SGP/SUB WT/WT 7 0/0/0 0/4/4 7/11/11 0/0 7/11/11 

3*^ 27/27 ST/ST SUB/SUB WT/WT 8 0/0/0 0/2/2 8/10/10 0/0 8/10/10 

3A*  26/26 IMP/IMP SGP/SUB WT/WT 4 0/0/0 0/4/4 4/8/8 0/0 4/8/8 

3B~ 37/37 IMP/IMP SGP/SUB S/S 5 0/0/0 0/1/1 5/6/6 0/0 5/6/6 

3C~ 13/13 ST/ST SGP/SUB T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

4 46/46 IMP/IMP SGP/SGP T/T 2 0/0/0 0/8/8 2/10/10 0/0 2/10/10 

5 5/5 IMP/IMP S/S T/T <1 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

6 11/11 ST/ST SGP/SGP T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

7^* 19/19 ST/ST SGP/SGP  WT/WT 9 0/0/0 0/2/2 9/11/11 0/0 9/11/11 

8 13/13 ST/ST SGP/SGP T/T 3 0/0/0 0/8/8 3/11/11 0/0 3/11/11 

9* 151/151 IMP-SW/IMP-SW SUB/SUB WT/WT 7 0/0/0 0/4/4 7/11/11 0/0 7/11/11 

10*^ 160/160 IMP-SW/IMP-SW SUB/SUB WT/WT 8 0/0/0 0/2/2 8/10/10 0/0 8/10/10 

11* 102/102 IMP-SW/IMP-SW SUB/SUB  WT/WT 4 0/0/0 0/4/4 4/8/8 0/0 4/8/8 

12 119/119 IMP-SW/IMP-SW SGP/SGP T/T 7 0/0/0 0/8/8 7/15/15 0/0 7/15/15 

13*^ 22/22 ST/ST SGP/SGP  WT/WT 9 0/0/0 0/2/2 9/11/11 0/0 9/11/11 

14*^ 40/40 ST/ST SGP/SGP WT/WT 13 0/0/0 0/2/2 13/15/15 0/0 13/15/15 

14A 26/26 SW/SW SGP/SGP  T/T 5 0/0/0 0/8/8 5/13/13 0/0 5/13/13 

15*^ 22/22 IMP/IMP SGP/SGP WT/WT 9 0/0/0 0/2/2 9/11/11 0/0 9/11/11 

16 29/24 IRR-SW/IRR-SW SGP/SGP  T/T 2 0/0/0 0/8/8 2/10/10 0/0 2/10/10 

17* 68/68 IMP/IMP GP/SUB WT/WT 4 0/<1/<1 0/4/4 4/8/8 0/0 4/8/8 

18 40/32 IRR-SW/IRR-SW GP/GP T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

18A 20/0 IMP/NT SGP/NT T/NA 4 0/0/0 0/8/0 4/12/4 0/0 4/12/4 

19 32/32 IMP-SW/IMP-SW SGP/SGP T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 
20 41/41 IMP-SW/IMP-SW SGP/SGP T/T 2 0/0/0 0/8/8 2/10/10 0/0 2/10/10 

21 76/76 IMP-SW/IMP-SW SGP/SGP T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

22 83/83 IMP/IMP SGP/SGP T/T 5 0/1/1 0/8/8 5/14/14 0/0 5/14/14 

23 146/146 IMP/IMP SGP/SGP T/T 6 0/<1/<1 0/8/8 6/14/14 0/0 6/14/14 

24*^ 40/40 IMP/IMP SGP/SGP WT/WT 9 0/0/0 0/2/2 9/11/11 0/0 9/11/11 

25 139/139 IMP/IMP SUB/SUB T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

26*^ 29/29 IMP/IMP SGP/SGP WT/WT 9 0/0/0 0/2/2 9/11/11 0/0 9/11/11 

27 45/45 IMP/IMP SGP/SGP  T/T 2 0/0/0 0/8/8 2/10/10 0/0 2/10/10 

28* 31/31 IMP/IMP SGP/SGP WT/WT 4 0/0/0 0/4/4 4/8/8 0/0 4/8/8 

29 54/54 IMP/IMP SGP/SGP T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

30 62/62 IMP/IMP SGP/SGP  T/T 6 0/0/0 0/8/8 6/14/14 0/0 6/14/14 

31 698/698 IMP/IMP SUB/SUB T/T 4 0/<1/<1 0/8/8 4/12/12 0/0 4/12/12 

32 75/75 IMP/IMP SGP/SGP T/T 2 0/0/0 0/8/8 2/10/10 0/0 2/10/10 
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UNIT # 

ACTIVITY 

AREA 

(acres) 

ALTS 2/3 

PROPOSED  

VEGETATION 

TREATMENT  

ALT 2/3 

PROPOSED 

FUELS  

TREATMENT  

ALT 2/3 

PROPOSED 

LOGGING  

SYSTEM  

ALT 2/3 

EXISTING 

DSD (%)1 

ALTERNATIVES POTENTIAL DSD     1/2/3  

PREDICTED 

TEMP 

ROAD 

DSD%2   

PREDICTED  

HARVEST 

DSD% 

CUMULATIVE 

DSD% 

POST- 

HARVEST 

REDUCED 

DSD FROM 

REHAB 4 (%) 

ALTS 2/3 

TOTAL 

POST 

ACTIVITY 

DSD (%) 

33 85/85 SSLV/SSLV  GP/GP T/T <1 0/0/0 0/8/8  0/8/8 0/0 0/8/8 

34 144/144 SSLV/SSLV  GP/GP T/T 5 0/0/0 0/8/8  5/13/13 0/0 5/13/13 

36 41/0 ST/NT SGP/NT T/NA 4 0/0/0 0/8/0 4/12/4 0/0 4/12/4 

39 40/40 ST/ST SGP/SUB T/T <1 0/0/0 0/8/8 0/8/8 0/0 0/8/8 
40 156/40 ST/ST SGP/SUB T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

41 40/40 CCR/CCR SGP/SGP T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

42 31/31 IMP/IMP SGP/SGP T/T <1 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

43 26/26 IMP/IMP SGP/SGP T/T 1 0/0/0 0/8/8 1/9/9 0/0 1/9/9 

44 28/28 SW/SW SGP/SGP T/T 2 0/0/0 0/8/8 2/10/10 0/0 2/10/10 

45A 105/105 IMP-SW/IMP-SW SGP/SUB T&S/T&S 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

45B~ 39/39 ST/ST SUB/SUB T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

46# 37/37 ST/ST SGP/SGP S/S 0 0/0/0 0/3/3 0/3/3 0/0 0/3/3 

47 40/40 ST/ST SGP/GP T/T 1 0/0/0 0/8/8 1/9/9 0/0 1/9/9 

49 64/64 IMP/IMP SGP/SUB T/T 6 0/1/1 0/8/8 6/15/15 0/0 6/15/15 

51 7/7 ST/ST SGP/GP T/T 2 0/0/0 0/8/8 2/10/10 0/0 2/10/10 

52A 24/24 ST/ST SGP/SGP T/T <1 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

53 40/40 ST/ST SGP/SUB T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

54 9/9 ST/ST SGP/SUB T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

55 40/40 IMP/IMP SUB/SUB T/T <1 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

56 207/207 IMP/IMP SUB/SUB T&S/T&S 7 0/0/0 0/8/8 7/15/15 0/0 7/15/15 

59 39/39 ST/ST SUB/SUB T/T 3 0/0/0 0/8/8 3/11/11 0/0 3/11/11 

61 19/19 CCR/CCR SUB/SUB T/T <1 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

62 77/40 ST/ST SUB/SUB T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

62A 11/0 SSLV/NT GP/NT T/NA 4 0/0/0 0/8/0 4/12/4 0/0 4/12/4 

62B 20/0 SSLV/NT GP/NT T/NA 4 0/0/0 0/8/0 4/12/4 0/0 4/12/4 

64 8/8 ST/ST SUB/SUB WT/WT 8 0/0/0 0/2/2 8/10/10 0/0 8/10/10 

64A 28/28 ST/ST SUB/SUB T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

64B~ 10/10 ST/ST SUB/SUB T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

68# 25/0 CCR/NT SGP/NT S/NA 0 0/0/0 0/3/0 0/3/0 0/0 0/3/0 

69~ 16/16 ST/ST SUB/SUB S/S 0 0/0/0 0/1/1  0/1/1 0/0 0/1/1 

70  14/14 ST/ST SUB/SUB T/T 5 0/0/0 0/8/8 5/13/13 0/0 5/13/13 

70T^  9/0 ST/NT SGP/NT WT/NA 12 0/0/0 0/2/0 12/14/12 0/0 12/14/12 

71 18/18 ST/ST SGP/SGP T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

72 12/12 ST/ST SGP/SGP T/T 5 0/0/0 0/8/8 5/13/13 0/0 5/13/13 

73T*^ 31/29 ST/ST SGP/SGP WT/WT 9 0/0/0 0/2/2 9/11/11 0/0 9/11/11 

74T*^ 0/40 NT/SW NT/SUB NA/WT 8 0/0/0 0/0/2 8/8/10 0/0 8/8/10 

75# 36/0 SW/NT SUB/NT S/NA 0 0/0/0 0/3/0 0/3/0 0/0 0/3/0 

80*^ 110/40 ST-SW/ST-SW SGP/SGP WT/WT 10 0/0/0 0/2/2 10/12/12 0/0 10/12/12 

81  ̂ 36/36 ST/ST SGP/SGP WT/WT 8 0/0/0 0/2/2 8/10/10 0/0 8/10/10 

82 25/25 ST-SW/ST-SW SGP/SGP T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

135 16/16 IMP/IMP SUB/SUB T/T 3 0/0/0 0/8/8 3/11/11 0/0 3/11/11 

141# 24/0 SW/NT SUB/NT S/NA 3 0/0/0 0/3/0 3/6/3 0/0 3/6/3 

142~ 9/9 ST/ST SUB/SUB S/S 0 0/0/0 0/1/1 0/1/1 0/0 0/1/1 

143A 18/9 SW/ST SGP/SUB T/T 2 0/0/0 0/8/8 2/10/10 0/0 2/10/10 
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UNIT # 

ACTIVITY 

AREA 

(acres) 

ALTS 2/3 

PROPOSED  

VEGETATION 

TREATMENT  

ALT 2/3 

PROPOSED 

FUELS  

TREATMENT  

ALT 2/3 

PROPOSED 

LOGGING  

SYSTEM  

ALT 2/3 

EXISTING 

DSD (%)1 

ALTERNATIVES POTENTIAL DSD     1/2/3  

PREDICTED 

TEMP 

ROAD 

DSD%2   

PREDICTED  

HARVEST 

DSD% 

CUMULATIVE 

DSD% 

POST- 

HARVEST 

REDUCED 

DSD FROM 

REHAB 4 (%) 

ALTS 2/3 

TOTAL 

POST 

ACTIVITY 

DSD (%) 

144S# 22/22 ST/ST SUB/SUB S/S 0 0/0/0 0/3/3 0/3/3 0/0 0/3/3 

144T 18/18 ST/ST SUB/SUB T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

147~ 93/40 ST/ST SUB/SUB T&S/T&S 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

148~ 77/40 ST/ST SUB/SUB S/S 4 0/1/2 0/1/1 4/5/5 0/0 4/5/5 

149~ 65/40 ST/ST SUB/SUB T&S/T&S 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

150~ 103/40 ST/ST SUB/SUB T&S/T 6 0/<1/1 0/8/8 6/14/15 0/0 6/14/15 

151 40/40 ST/ST SGP/SGP T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

157* 54/54 IMP/IMP SUB/SUB WT/WT 6 0/0/0 0/4/4 6/10/10 0/0 6/10/10 

158* 143/143 IMP-SW/IMP-SW SGP/SGP WT/WT 2 0/0/0 0/4/4 2/6/6 0/0 2/6/6 

158A* 0/33 NT/IMP-SW NT/GP NA/WT 2 0/0/0 0/0/4 2/2/6 0/0 2/2/6 

159A*^ 18/18 ST/ST SGP/SUB WT/WT 11 0/0/0 0/2/2 11/13/13 0/0 11/13/13 

170# 97/40 SW/ST SUB/SUB S/T 0 0/0/0 0/3/8 0/3/8 0/0 0/3/8 

173~ 18/18 IMP/IMP SUB/SUB S/S 4 0/0/0 0/1/1 4/5/5 0/0 4/5/5 

174~ 29/29 IMP/IMP SUB/SUB S/S <1 0/0/0 0/1/1 0/1/1 0/0 0/1/1 

176# 15/15 IMP/IMP SUB/SUB S/S 2 0/0/0 0/3/3 2/5/5 0/0 2/5/5 

179 76/0 IMP/NT SGP/NT T/NA 5 0/1/0 0/8/0 5/14/5 0/0 5/14/5 

182 50/0 IMP/NT SUB/NT T/NA 0 0/0/0 0/8/0 0/8/0 0/0 0/8/0 

183*  ̂ 68/68 IMP/IMP SGP/SGP WT/WT 9 0/0/0 0/2/2 9/11/11 0/0 9/11/11 

185 27/27 ST/ST SGP/SGP T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

185N 22/22 ST/ST SGP/SGP T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

188# 40/0 ST/NT SUB/NT S/NA 2 0/0/0 0/3/0 2/5/2 0/0 2/5/2 

188S# 0/10 NT/ST NT/SUB NA/S 2 0/0/0 0/0/3 2/2/5 0/0 2/2/5 

190*  ̂ 43/43 IMP/IMP SGP/SGP WT/WT 10 0/0/0 0/2/2 10/12/12 0/0 10/14/12 

190A*^ 44/44 SSLV/SSLV SGP/PCT-GP WT/WT 10 0/0/0 0/2/2 10/12/12 0/0 10/10/12 

192~ 40/40 IMP/IMP SUB/SUB S/S 1 0/0/0 0/1/1 1/2/2 0/0 1/2/2 

193 17/17 SW/SW GP/GP T/T 2 0/0/0 0/8/8 2/10/10 0/0 2/10/10 

194S^# 36/36 IMP/IMP SUB/SUB S/S 14 0/0/0 0/3/3 14/17/17 2/2 14/15/15 

194T*  ̂ 31/31 IMP/IMP SGP/SUB WT/WT 14 0/0/0 0/2/2 14/16/16 1/1 14/15/15 

195 28/28 SSLV/SSLV  SGP/SGP T/T 2 0/0/0 0/8/8 2/10/10 0/0 2/10/10 

196*  ̂ 14/14 IMP/IMP SGP/SGP WT/WT 12 0/0/0 0/2/2 12/14/14 0/0 12/14/14 

197 24/24 IMP/IMP SGP/SGP T/T 2 0/1/1 0/8/8 2/11/11 0/0 2/11/11 

203 59/59 IMP/IMP SGP/SUB T/T 5 0/0/0 0/8/8 5/13/13 0/0 5/13/13 

205 34/34 IMP/IMP SGP/SUB T/T 1 0/0/0 0/8/8 1/9/9 0/0 1/9/9 

207 40/40 SW/SW SGP/SUB T/T 2 0/0/0 0/8/8 2/10/10 0/0 2/10/10 

208 40/40 ST/ST SGP/SUB T/T 2 0/0/0 0/8/8 2/10/10 0/0 2/10/10 

209 24/24 IMP/IMP SGP/SGP T/T 2 0/0/0 0/8/8 2/10/10 0/0 2/10/10 

214 6/6 ST/ST SGP/SGP T/T 1 0/0/0 0/8/8 1/9/9 0/0 1/9/9 

219 38/38 ST/ST SGP/SGP T/T 5 0/0/0 0/8/8 5/13/13 0/0 5/13/13 

220 0/35 NT/CCR NT/UB NA/T 4 0/0/0 0/0/8 4/4/12 0/0 4/4/12 

362 192/0 CCR/NT SGP/NT T/NA 2 0/<1/0 0/8/0 2/10/2 0/0 2/10/2 

362A 0/40 NT/CCR NT/GP NA/T 2 0/0/0 0/0/8 2/2/10 0/0 2/2/10 

362B 0/40 NT/CCR NT/UB NA/T 2 0/0/1 0/0/8 2/2/11 0/0 2/2/11 

362C 0/39 NT/CCR NT/UB NA/T 2 0/0/2 0/0/8 2/2/12 0/0 2/2/12 

363 40/40 CCR/CCR SGP/UB T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 
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364 33/33 CCR/CCR SUB/UB T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

365 25/25 CCR/CCR SUB/UB T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

366 6/6 CCR/CCR SUB/UB T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

367 38/38 CCR/CCR SUB/UB T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

367A 40/40 CCR/CCR SUB/UB T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

368 0/40 NT/CCR NT/UB NA/T 0 0/0/0 0/0/8 0/0/8 0/0 0/0/8 

368A 10/0 CCR/NT SGP/NT T/NA 0 0/0/0 0/8/0 0/8/0 0/0 0/8/0 

368B 6/0 CCR/NT SGP/NT T/NA 0 0/0/0 0/8/0 0/8/0 0/0 0/8/0 

368C 7/0 CCR/NT SGP/NT T/NA 0 0/0/0 0/8/0 0/8/0 0/0 0/8/0 

369 40/40 CCR/CCR SGP/GP T/T 0 0/0/0 0/8/8 0/8/8 0/0 0/8/8 

 TOTAL ACRES by ALTERNATIVE:  Alt 2 = 6,589     Alt 3 = 5,817 

COMMERCIAL THINNING HARVEST OPERATIONS     *Higher rehab acres  

219A 26/32 CT/CT WTY/WTY T/T 5 0/0/0 0/8/8 5/13/13 0/0 5/13/13 

305*  ̂ 43/43 CT/CT WTY/WTY WT/WT 11 0/0/0 0/2/2 11/13/13 0/0 11/13/13 

306 57/57 CT/CT WTY/WTY WT/WT 4 0/0/0 0/4/4 4/8/8 0/0 4/8/8 

307*  ̂ 305/304 CT/CT WTY/WTY WT/WT 8 0/0/0 0/2/2 8/10/10 0/0 8/10/10 

311*  ̂ 9/0 CT/NT WTY/NT WT/NA 11 0/0/0 0/2/0 11/13/11 0/0 11/13/11 

317 63/63 CT/CT WTY/WTY T/T 3 0/0/0 0/8/8 3/11/11 0/0 3/11/11 

318*  ̂ 131/131 CT/CT WTY/WTY WT/WT 13 0/<1/0 0/2/2 13/15/15 0/0 13/15/15 

319*  ̂ 17/17 CT/CT WTY/WTY WT/WT 12 0/0/0 0/2/2 12/14/14 0/0 12/14/14 

327*  ̂ 46/46 CT/CT WTY/WTY WT/WT 12 0/0/0 0/2/2 12/14/14 0/0 12/14/14 

328*  ̂ 31/31 CT/CT WTY/WTY WT/WT 10 0/0/0 0/2/2 10/12/12 0/0 10/12/12 

330*  ̂ 9/9 CT/CT WTY/WTY WT/WT 14 0/0/0 0/2/2 14/16/16 1/1 14/15/15 

331*  ̂ 16/16 CT/CT WTY/WTY WT/WT 14 0/0/0 0/2/2 14/16/16 1/1 14/15/15 

332 10/10 CT/CT WTY/WTY  T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

333 14/14 CT/CT WTY/WTY T/T 3 0/0/0 0/8/8 3/11/11 0/0 3/11/11 

334*  ̂ 22/22 CT/CT WTY/WTY  WT/WT 9 0/0/0 0/2/2 9/11/11 0/0 9/11/11 

335*  ̂ 20/20 CT/CT WTY/WTY WT/WT 8 0/0/0 0/2/2 8/10/10 0/0 8/10/10 

337 272/0 CT/NT WTY/NT  T/NA 7 0/0/0 0/8/0 7/15/7 0/0 7/15/7 

339*  ̂ 89/89 CT/NT WTY/WTY WT/WT 10 0/0/0 0/2/2 10/12/12 0/0 10/12/12 

340*  ̂ 266/266 CT/CT WTY/WTY WT/WT 12 0/<1/<1 0/2/2 12/14/14 0/0 12/14/14 

343 100/93 CT/CT WTY/WTY T/T 7 0/<1/<1 0/8/8 7/15/15 0/0 7/15/15 

344*  ̂ 73/64 CT/CT WTY/WTY  WT/WT 11 0/1/1 0/2/2 11/14/14 0/0 11/14/14 

345*  ̂ 45/45 CT/CT WTY/WTY WT/WT 8 0/2/2 0/2/2 8/12/12 0/0 8/12/12 

346*  ̂ 11/11 CT/CT WTY/WTY  WT/WT 8 0/0/0 0/2/2 8/10/10 0/0 8/10/10 

347*  ̂ 520/520 CT/CT WTY/WTY WT/WT 11 0/0/0 0/2/2 11/13/13 0/0 11/13/13 

348 14/14 CT/CT WTY/WTY T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

349*  ̂ 21/21 CT/CT WTY/WTY  WT/WT 10 0/0/0 0/2/2 10/12/12 0/0 10/12/12 

350*  ̂ 26/26 CT/CT WTY/WTY WT/WT 8 0/0/0 0/2/2 8/10/10 0/0 8/10/10 

TOTAL CT ACRES BY ALTERNATIVE:  ALT 2  = 2,256     ALT 3 = 1,965 

WHITE PINE DAYLIGHT THIN UNITS  

237 21/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

238 8/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 
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239 5/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

240 15/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

241 22/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

242 44/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

243 2/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

244 18/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

245 14/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

246 23/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

247 17/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

248 41/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

249 211/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

250 56/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

251 41/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

252 8/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

253 20/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

254 31/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

255 34/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

256 11/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

257 28/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

258 17/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

259 24/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

260 20/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

261 39/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

262 14/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

263 27/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

264 33/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

265 29/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

266 27/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

267 16/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

268 60/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

269 24/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

270 16/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

271 36/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

272 3/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

273 3/0 WPDT/NT CSH/NT NEq/NA DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

TOTAL WHITE PINE DAYLIGHT THIN ACRES BY ALTERNATIVE:  ALT 2  = 1,060     ALT 3 = 0  

PRECOMMERCIAL THIN UNITS  

1 30/30 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

2 15/15 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

3 31/31 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

4 2/2 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

5 3/3 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

6 20/20 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

7 29/29 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 
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8 21/21 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

9 19/19 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

10 21/21 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

11 29/29 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

12 11/11 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

13 24/24 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

14 15/15 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

15 14/14 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

16 15/15 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

17 22/22 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

18 11/11 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

19 19/19 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

20 6/6 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

21 7/7 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

22 7/7 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

23 2/2 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

24 2/2 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

25 38/38 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

26 51/51 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

27 25/25 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

28 11/11 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

29 26/26 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

30 42/42 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

31 25/25 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

32 48/48 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

33 6/6 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

36 12/12 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

37 7/7 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

38 6/6 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

39 11/11 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

40 12/12 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

41 14/14 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

42 28/28 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

43 6/6 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

44 57/57 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

45 13/13 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

46 7/7 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

47 20/20 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

48 42/42 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

49 44/44 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

50 55/55 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

51 11/11 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

52 18/18 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

53 16/16 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 
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54 11/11 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

55 5/5 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

56 32/32 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

57 73/73 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

58 27/27 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

59 63/63 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

60 74/74 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

61 7/7 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

62 3/3 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

63 3/3 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

64 12/12 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

65 9/9 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

66 8/8 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

67 37/37 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

68 7/7 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

69 13/13 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

70 43/43 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

71 2/2 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

72 28/28 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

73 85/85 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

74 15/15 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

75 3/3 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

76 63/63 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

77 53/53 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

78 34/34 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

79 24/24 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

81 26/26 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

82 11/11 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

83 31/31 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

84 35/35 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

85 40/40 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

86 49/49 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

87 35/35 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

88 39/39 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

89 11/11 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

90 3/3 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

91 16/16 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

92 19/19 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

93 6/6 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

94 10/10 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

95 3/3 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

96 8/8 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

97 2/2 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

98 48/48 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 
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99 30/30 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

100 24/24 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

101 46/46 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

102 4/4 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

103 19/19 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

104 31/31 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

105 11/11 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

106 9/9 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

108 15/15 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

109 18/18 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

110 12/12 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

111 30/30 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

112 24/24 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

113 4/4 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

114 45/45 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

115 14/14 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

116 9/9 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

117 16/16 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

118 39/39 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

119 27/27 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

120 22/22 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

121 16/16 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

122 32/32 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

123 4/4 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

124 47/47 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

125 9/9 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

126 4/4 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

127 12/12 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

128 7/7 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

129 25/25 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

130 19/19 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

131 16/16 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

132 23/23 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

133 27/27 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

134 14/14 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

135 12/12 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

136 14/14 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

137 6/6 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

138 6/6 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

139 15/15 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

140 4/4 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

141 20/20 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

142 23/23 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

143 28/28 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 
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144 5/5 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

145 4/4 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

146 1/1 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

147 43/43 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

148 27/27 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

149 5/5 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

150 8/8 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

151 39/39 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

152 24/24 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

153 30/30 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

154 14/14 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

155 18/18 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

156 7/7 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

157 62/62 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

158 13/13 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

159 81/81 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

160 1/1 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

161 15/15 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

162 6/6 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

163 4/4 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

164 6/6 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

165 7/7 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

166 5/5 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

167 5/5 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

168 29/29 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

169 12/12 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

170 32/32 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

171 24/24 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

172 24/24 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

173 27/27 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

174 16/16 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

175 16/16 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

176 5/5 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

177 13/13 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

178 29/29 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

179 13/13 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

180 19/19 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

181 12/12 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

182 27/27 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

183 23/23 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

184 38/38 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

185 38/38 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

186 24/24 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

187 46/46 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 
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188 47/47 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

189 37/37 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

190 24/24 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

191 39/39 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

192 19/19 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

193 31/31 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

194 23/23 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

195 44/44 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

196 38/38 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

197 49/49 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

198 19/19 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

199 21/21 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

200 9/9 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

201 51/51 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

202 63/63 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

203 47/47 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

204 26/26 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

205 41/41 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

206 32/32 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

207 22/22 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

208 12/12 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

209 109/109 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

210 37/37 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

211 20/20 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

212 28/28 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

213 20/20 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

214 40/40 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

215 15/15 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

216 32/32 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

217 29/29 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

218 48/48 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

219 40/40 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

220 50/50 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

221 17/17 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

222 46/46 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

223 25/25 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

224 12/12 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

225 57/57 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

226 18/18 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

227 7/7 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

228 53/53 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

229 19/19 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

230 43/43 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

231 17/17 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 
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UNIT # 

ACTIVITY 

AREA 

(acres) 

ALTS 2/3 

PROPOSED  

VEGETATION 

TREATMENT  

ALT 2/3 

PROPOSED 

FUELS  

TREATMENT  

ALT 2/3 

PROPOSED 

LOGGING  

SYSTEM  

ALT 2/3 

EXISTING 

DSD (%)1 

ALTERNATIVES POTENTIAL DSD     1/2/3  

PREDICTED 

TEMP 

ROAD 

DSD%2   

PREDICTED  

HARVEST 

DSD% 

CUMULATIVE 

DSD% 

POST- 

HARVEST 

REDUCED 

DSD FROM 

REHAB 4 (%) 

ALTS 2/3 

TOTAL 

POST 

ACTIVITY 

DSD (%) 

232 11/11 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

233 14/14 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

234 69/69 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

235 35/35 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

236 54/54 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

274 21/21 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

275 3/3 PCT/PCT CSH/CSH NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

TOTAL PRECOMMERCIAL THIN ACRES BY ALTERNATIVE:  ALT 2  = 5,563     ALT 3 = 5,563 

US ARMY CORPS OF ENGINEERING 

COE 1* 41/41 IMP/IMP UB/UB T/T 7 0/0/0 0/8/8 7/15/15 0/0 7/15/15 

COE 3* 181/181 IMP/IMP UB/UB T/T 4 0/0/0 0/8/8 4/12/12 0/0 4/12/12 

COE 4 22/22 IMP/IMP UB/UB WT/WT 0 0/0/0 0/4/4 0/4/4 0/0 0/4/4 

COEF5 47/47 S/S B/B NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

COE5T 6/6 IMP/IMP UB/UB WT/WT Est 4% 0/0/0 0/4/4 4/8/8 0/0 4/8/8 

COE 6  ̂ 11/11 IMP/IMP UB/UB WT/WT 11 0/0/0 0/2/2 11/13/13 0/0 11/13/13 

COEF7 37/37 S/S B/B NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

COEF8 25/25 S/S B/B NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

COEF9 23/23 S/S GP/GP NEq/NEq  App. 4 0/0/0 0/2/2 0/6/6 0/0 0/6/6 

COEF10 12/12 S/S B/B NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

COEF11 8/8 S/S B/B NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

COEF12 8/8 S/S B/B NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

TOTAL US ARMY CORPS OF ENGINEERING ACRES BY ALTERNATIVE:  ALT 2  = 421    ALT 3 = 421  

FUELS TREATMENT UNITS  

F1  174/174 MFT/MFT B/B MAeq/MAeq 6 0/0/0 0/2/2 6/8/8 0/0 6/8/8 

F1A 17/17 S/S B/B NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

F1OG  ̂ 38/0 MFT/NT B/NT MAeq/NEq 8 0/0/0 0/2/0 8/10/8 0/0 8/10/8 

F2 116/112 MFT/MFT B/B MAeq/MAeq 6 0/0/0 0/2/2 6/8/8 0/0 6/8/8 

F3 17/17 MFT/MFT B/B MAeq/MAeq 5 0/0/0 0/2/2 5/7/7 0/0 5/7/7 

F3OG 20/0 MFT/NT B/NT MAeq/NA 5 0/0/0 0/2/2 5/7/7 0/0 5/7/7 

F4 17/17 S/S B/B NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

F8 52/52 MFT/MFT B/B MAeq/MAeq 6 0/0/0 0/2/2 6/8/8 0/0 6/8/8 

F11OG 54/0 S/NT B/NT NEq/NA  4 0/0/0 0/0/0 4/4/4 0/0 4/4/4 

F12 11/11 MFT/MFT B/B MAeq/MAeq 1 0/0/0 0/2/2 1/3/3 0/0 1/3/3 

F13 24/24 S/S B/B NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

F13OG 5/0 MFT/NT B/NT MAeq/NA App. 4 0/0/0 0/2/0 4/6/4 0/0 4/6/4 

F14OG 43/0 MFT/NT B/NT MAeq/NA App. 4 0/0/0 0/2/0 4/6/4 0/0 4/6/4 

F15 9/9 MFT/MFT B/B MAeq/MAeq App. 4 0/0/0 0/2/2 4/6/4 0/0 4/6/4 

F15OG 13/0 MFT/NT B/NT MAeq/NA App. 4 0/0/0 0/2/0 0/2/0 0/0 0/2/0 

F16 73/73 S/S B/B NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

F18 568/568 S/S B/B NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

F19 0/110 NT/S NT/B NA/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

F45 125/125 S/S B/B NEq/NEq 0 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

TOTAL FUELS ACRES BY ALTERNATIVE:  ALT 2  = 1,378     ALT 3 = 1,309  
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UNIT # 

ACTIVITY 

AREA 
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PROPOSED  
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TREATMENT  
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LOGGING  

SYSTEM  
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EXISTING 

DSD (%)1 

ALTERNATIVES POTENTIAL DSD     1/2/3  

PREDICTED 

TEMP 

ROAD 
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DSD% 

CUMULATIVE 

DSD% 
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HARVEST 
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DSD FROM 

REHAB 4 (%) 

ALTS 2/3 

TOTAL 

POST 

ACTIVITY 

DSD (%) 

FUELS AND WILDLIFE UNITS  

FW501 281/281 S/S UB/UB NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW502 159/159 S/S UB/UB NEq/NEq 3 0/0/0 0/0/0 3/3/3 0/0 3/3/3 

FW503 215/215 S/S UB/UB NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW509 32/32 S/S UB/UB NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW511 34/34 S/S UB/UB NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW512 51/51 S/S UB/UB NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW516 39/39 S/S UB/UB NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW521 41/41 S/S UB/UB NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW522 642/642 S/S UB/UB NEq/NEq 7 0/0/0 0/0/0 7/7/7 0/0 7/7/7 

FW524 484/484 S/S UB/UB NEq/NEq App. 4 0/0/0 0/0/0 4/4/4 0/0 4/4/4 

FW525 84/84 S/S UB/UB NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW533 214/214 S/S UB/UB NEq/NEq 4 0/0/0 0/0/0 4/4/4 0/0 4/4/4 

FW535 142/142 S/S UB/UB NEq/NEq App. 4 0/0/0 0/0/0 4/4/4 0/0 4/4/4 

FW536 307/307 NT/NT UB/UB NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW539 121/121 S/S UB/UB NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW540 538/538 S/S UB/UB NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW543 215/215 S/S UB/UB NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW544 576/576 S/S UB/UB NEq/NEq  App. 4 0/0/0 0/0/0 4/4/4 0/0 4/4/4 

FW545 429/429 NT/NT UB/UB NEq/NEq  App. 4 0/0/0 0/0/0 4/4/4 0/0 4/4/4 

FW577 147/147 S/S UB/UB NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW589 335/335 NT/NT UB/UB NEq/NEq 4 0/0/0 0/0/0 4/4/4 0/0 4/4/4 

FW5109 170/170 S/S UB/UB NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW5111 46/46 S/S UB/UB NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW5122  ̂ 112/112 NT/NT UB/UB NEq/NEq  9 0/0/0 0/0/0 9/9/9 0/0 9/9/9 

FW5125 14/14 S/S UB/UB NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW50601 294/294 S/S UB/UB NEq/NEq 1 0/0/0 0/0/0 1/1/1 0/0 1/1/1 

FW50602 913/913 S/S UB/UB NEq/NEq  9 0/0/0 0/0/0 9/9/9 0/0 9/9/9 

FW51101 575/575 S/S UB/UB NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW51102 272/272 S/S UB/UB NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW51103 743/743 S/S UB/UB NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW53401 596/596 S/S UB/UB NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW53402 581/581 S/S UB/UB NEq/NEq  DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

FW53403 646/646 NT/NT UB/UB NEq/NEq DNA 0/0/0 0/0/0 0/0/0 0/0 0/0/0 

TOTAL FUELS & WILDLIFE ACRES BY ALTERNATIVE:  ALT 2  = 10,049     ALT 3 = 10,049  

CCR - Clearcut with Reserves (Regen.) 

SW ï Shelterwood with Reserves (Regen.) 
ST ï Seed Tree with Reserves (Regen.) 

ST-SW ï Seedtree with Shelterwood (Regen.) 

IMP-SW ï Stand Improvement with Shelterwood (Regen.) 
IRR-SW ï Irregular Shelterwood (Regen.) 

IMP ï Stand Improvement (Intermediate) 

SSLV ï Sanitation Salvage (Intermediate) 
CT ï Commercial Thin (Intermediate) 

GP ï Grapple Pile 

SGP ï Slash with Grapple Pile 
UB ï Underburn 

MFT ï Mechanical Fuel Treatment 

PPR ï Potential Product Removal  
B ï Burn 

S ï Slash 

SB ï Slash and Burn 
SUB ï Slash with Underburn 

T ï Tractor 

WT ï Winter Tractor 
S ï Skyline 

T&S ï Combined Tractor & Skyline Harvest 

Operations 
HSS ï Hot Saw Cut with Skyline 

CSH ï Chainsaw Hand 

NEq ï No Equipment Operations 
MAeq ï Mastication Equivalent 
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PCT ï Precommercial Thin (Intermediate) 

PCT-GP ï Precommercial Thin with Grapple Piles (Intermediate) 

OG ï Old Growth 
WPDT ï Western White Pine Precommercial Thin 

FUEL ï Fuel Treatments 

FW FUELS ï Fuels and Wildlife Treatments 
NT ï No Treatment under this Alternative 

WTY ï Whole Tree Yarding 

 

NA ï No Activities  

DNA ï Does Not Apply 

Null ï Does not apply with this Alternative 

 

Note: An existing condition of 0% DSD can mean either: 1) No disturbance is present or 2) there is some disturbance present but does not amount to 1% 
 

1The East Reservoir soil survey was conducted using the new Region 1 Soil Sampling Protocol which meets the R1 definition of detrimental soil disturbance, and therefore the pre-East 

Reservoir activity conditions meet the R1 definitions.  Field forms are present in the East Reservoir Soil files. 
 

2For determining temporary road soil disturbance an average width of 12ô has been applied for calculating area of DSD.   Following harvest all temp roads and landings used for harvest 

activities will be scarified at least 6-12ò based on the depth.  An average of 50% DSD has been used to calculate potential soil DSD values for existing tractor-dozer skid trails which 

currently exist but are not on the roads database layer. 
 

3Predicted DSD has been calculated based on historical soil monitoring data collected in the field in post-harvest timber sale units. (Kuennen, 2007a).   In units with combined 

tractor/skyline harvest activity the anticipated DSD was calculated as related to the overall acreage of potential disturbance by harvest activity. 
 
 

^In units where existing DSD is 8% or greater expect 50% less skidding disturbance as a result of using existing skid trails and landings.  This reduction of anticipated DSD values only 

applies to proposed ground-based harvest activities. 
 

~Units most likely to be handsawed as compared to clipper cut in skyline Units.   
 

#Units most likely to be hot-saw cut with skyline timber removal. If skyline Units are expected to be clipper cut an additional 2% DSD was added. 
 

4Reduction in percent DSD is expected to occur in 3 years following harvest activities within a given unit.  This number varies based on the severity of restoration requirements and 

mitigations in a given harvest unit.  Such activities apply to Units 194S, 194T, 330, and 331 which exceeded 15% DSD following proposed harvest activities. 
 

5Units determined to have an additional 1% DSD due to fireline construction following harvest activity.  Such impacts only apply to those areas where heavy equipment is suspected to 

be used for such activities. 
 

*Units 2, 2B, 3, 7, 10, 13, 14, 15, 24, 26, 64, 70T, 73T, 74T, 80, 81, 159A, 183, 190, 190A, 194T, 196, 305, 307, 311, 318, 319, 327, 328, 330, 331, 334, 335, 339, 340, 344, 345, 346, 

347, 349, and 350 require harvest Winter Tractor operations in winter based on soil concerns.  Similarly, Winter Tractor operations are recommended in Units COE1 and COE6 to 

avoid exceeding 15% DSD following harvest activities. Units 1 and 1A also require WT operations based on Archeology concerns for all proposed Action Alternatives while Units 

2C, 2D, 3A, 9, 11, 17, 28, 157, 158, and 306 all have weed concerns and thus require winter harvest operations under Alternatives 2 and 3. 
 

WT Units with GP requirements may require provision C64.
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ALTERNATIVES 2 and 3  

Direct and Indirect Effects  

The percent detrimental soil disturbance (DSD) is the measurement indicator of soil compaction for this 

analysis. Direct impacts on soils from management activities could include compaction, rutting and 

displacement. Typically, these impacts take place as a result of vehicles/equipment traversing areas within 

proposed units such as skid trails, landings and temporary roads. Soil compaction is most common where 

heavy equipment makes repeated passes over the same ground, particularly during times of high soil 

moisture (Kuennen 2003). Soil compaction can change slope hydrology and lead to overland flow of 

water during precipitation or snowmelt events. Compacted soils can also reduce soil productivity. These 

are some general direct effects that can occur with all timber harvest activities. For this analysis, all units 

expected to receive heavy equipment activities were reviewed to determine the currently existing soil 

conditions. Table 3.37 identifies the extent of these impacts for each unit for both Alternatives 2 and 3.   
 

Note that harvest procedures can result in very minimal impacts to soils where proposed units are likely to 

be cut using handsaw activities on steeper hill slopes and removed using skyline activities.   
 

Regeneration harvest activities would require one entry to reach the desired silvicultural objective.  

Related post-harvest unit entry over time would be for thinning and scheduled to occur several decades 

later. This being said, units proposed for intermediate silvicultural objectives such as commercial thinning 

or stand improvement operations are more subjective to higher detrimental soil disturbance than that of a 

regeneration prescription based on the needs for multiple entries over a similar time period. 
 

The construction of a fireline directly impacts soils by removing (displacing) the organic layer down to 

mineral soil for 2-3 feet wide around the perimeter of the units. Some compaction along the fireline could 

occur from foot, all-terrain vehicle and/or heavy equipment traffic. The effects of soil compaction 

associated with fireline construction only apply to those units where machinery may be involved in such 

lines. The bulk of units would have firelines constructed by hand. 
 

Fuels treatments may also include mastication equivalent activities using machinery that may impact 

soils. The effects of mastication are included in the figures identified in Table 3.37. The direct effects of 

mastication with heavy equipment operations are discussed in the fuels section. Because mastication 

equivalent activities are reducing the amount of woody material within a unit, it can also affect nutrient 

cycling. Nutrient cycling is discussed in depth later in this section. In proposed units where existing soil 

compactions were found to be higher, recommendations to limit machinery activities outside of skid trails 

used for harvest practices is suggested. In Alternatives 2 and 3, grapple piling on COE lands is only 

proposed in Unit COEF9 for fuel concerns. All other fuel treatments involve either underburns or hand-

slash-burn prescriptions. Where grapple piling is proposed, a 2% DSD has been applied to the existing 

field data to estimate the cumulative DSD values.   
 

Indirect impacts from management activities could include erosion from surface water runoff channeled 

into ruts, fire lines, and/or along temporary roads within units. With less vegetation a conversion from a 

drier soil environment to a slightly moister site would occur. Less vegetation would mean a thinner 

canopy and more soil interception from rainfall above. These impacts are anticipated to be minimized by 

implementing BMPs (Appendix C of the DEIS) and the following specific management requirements and 

design criteria. 
 

Recommendations to Minimize DSD from Ground-Based Activities 

Under Alternative 2, elevated levels of legacy soil compaction (8% or greater) in proposed ground based 

harvest regeneration or intermediate harvest units are present in Units 2, 2B, 2C, 2D, 3, 3A, 7, 10, 12, 13, 

14, 15, 24, 26, 70T, 73T, 80, 81, 159A, 183, 190, 190A, 194T, 196 and COE6. In Alternative 3, the 

legacy soil compaction (8% or greater) for ground based units is present in Units 2, 2B, 2C, 2D, 3, 3A, 7, 

10, 12, 13, 14, 15, 24, 26, 73T, 74T, 80, 81, 159A, 183, 190, 190A, 194T, 196 and COE6.  
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Similar concerns are also present in a number of commercial thin units. In Alternative 2, those units 

containing legacy soil compaction (8% or greater) is present in Units 305, 307, 311, 318, 319, 327, 328, 

330, 331, 334, 335, 339, 340, 344, 345, 346, 347, 349 and 350. In Alternative 3, the proposed commercial 

thin units currently exceeding 8% are units 305, 307, 318, 319, 327, 328, 330, 331, 334, 335, 339, 340, 

344, 345, 346, 347, 349 and 350. Higher values in these units are believed to be the result of much more 

recent harvest operations when compared to both regeneration and intermediate operations which tended 

to have been harvested between early 1960s and 1980s. Such conditions in the commercial thinning units 

have allowed far less time for soil recovery to occur. Soil recovery studies on the KNF (2012) display 

much higher percent recovery when comparing harvest activities which occurred more recently as 

compared to earlier D6 equivalent activities.   

 

Those units exceeding 8% DSD are also present in proposed Fuel and Fuels and Wildlife Units F1OG, 

FW5122 and FW50602 in Alternative 2; and units FW5122 and FW50602 in Alternative 3. It should be 

noted that no equipment activities are planned to occur within Units FW5122 and FW50602 while Unit 

F1OG only proposes to be a mastication-equivalent operation which results in only a 2% DSD value.  

Unit F1OG is only proposed for Alternative 2 (Table 3.37). 

 

No additional impacts to the existing conditions are expected to occur in white pine daylight thin units 

and precommercial thins as such activities do not involve heavy equipment activities. 

 

Cumulative Effects 
Units found to cumulatively exceed the 15% DSD value on one or more of the proposed alternatives 

include intermediate harvest Units 194S, 194T and commercial thin units 330 and 331 (Table 3.37).  

Following harvest operations there are plans to reduce the overall DSD values in these units as 

determined by the Forest Soil Scientist in coordination with the timber sale contracting officer. In such 

units, winter operations are proposed in order to minimize additional soil disturbance values. However, 

new skid trails may be required in areas where the existing skid trail network does not fit the current 

operations. Effects on temporary roads and skid trails on vegetative regrowth are expected to be 

temporary due to planned ripping and seeding following harvest operations where these areas are used for 

harvest operations. Post-harvest rehabilitation activities would include ripping skid trails and temporary 

roads and seeding as necessary. Such activities would help to offset the harvest activities to soil 

productivity by allowing previously disturbed soils to re-establish as a productive area capable of 

producing future natural vegetative cover which in turn may one day be harvested again. Harvest 

operations may also include placing downed woody material on skid trails to reduce impacts to soils. In 

proposed ground based harvest units currently exceeding 8% DSD this analysis assumes that 50% of 

historic skid trails would be reused during harvest operations.   

 

The soil rehabilitation effects may not be immediately apparent, as it would take several years for diverse 

native vegetation to establish in areas that previously had limited root capacity. Disturbed soil organic 

layers, which play an important role in soil nutrient cycling and microbial population/function, would also 

take time to rebuild after rehabilitation treatments. The importance of the rehabilitation cannot be 

overlooked because it does not immediately restore soils to pre-disturbance conditions. The rehabilitation 

provides the critical bridge that allows these natural processes to improve conditions over time. Based on 

this analysis, while some increase in DSD is expected with proposed management activities, following 

soil mitigation and rehabilitation activities all activity areas would be below the 15% allowable DSD. 

Even with the proposed mitigations/ rehabilitation activities, there is a potential that intermediate harvest 

Units 194S, 194T, and commercial thin Units 330 and 331 may still exceed the15% DSD value. For these 

units, the goal is to return the soils following harvest operations to DSD values which are either 

equivalent or lower than the currently existing conditions within a 3 year timeframe. Accomplishing this 

would be completed by requiring the contractor to actively rehabilitate all skid-trails and landings used by 

the operators during the harvest activity. Plans are to monitor these units within 2-3 years following 
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harvest operations to determine the recovery ratio of the soils to compare pre-existing to post-existing 

conditions. 

 

PERMANENT ROADS  

ALTERNATIVE 1 (No -Action) 

Direct, Indirect and Cumulative Effects 

Regarding soil disturbance it should be noted that Authorized Forest Roads as defined in 36 CFR 212.1 

are not considered part of the productive land base. As a result, these features do not count toward the 

15% soil quality standard (FSM 2500-2009-1).  

 

In Alterative 1, no additional permanent roads road construction or temporary road reconstruction is 

proposed; no Intermittent Stored Service or road decommissioning would take place. Therefore, road 

management would have no cumulative effect on soils in the analysis areas because soil productivity 

effects are spatially static and productivity in one location does not affect productivity in another location. 

Similarly, in Alternative 1, 0 miles of road are to be placed in intermittent stored service or 

decommissioned, and no motorized trails would be converted to non-motorized trails.   

 

ALTERNATIVES 2 and 3  

Direct and Indirect Effects  

Currently, approximately 34.4 miles of road exist as stored road miles within the East Reservoir analysis 

area. Alternatives 2 would involve placing approximately 16.0 miles of road into Intermittent Stored 

Service and Alternative 3 would involve placing approximately 17.6 miles of road into Intermittent 

Stored Service. Intermittent road storage activities may include removing culverts on live, intermittent 

and ephemeral streams, restoring natural stream drainage patterns, out-sloping the road surface, removing 

unstable materials such as seeps and slumps, water-bar or cross-drain installation, and seeding disturbed 

sites. Under such activities the road prism remains on the landscape for long-term future resource 

management. The benefit of such activities includes decreased soil erosion from water channeling down 

the road surface. It should be noted that although such activities would not achieve 100% soil recovery, it 

is anticipated that with time such linear segments would improve hydrologically and begin to vegetatively 

recover (Table 3.38).   

 

Under Alternative 2, approximately 9.3 miles of new permanent road miles would be constructed while 

Alternative 3 would involve constructing approximately 8.1 miles of new permanent road. Physical 

activities suspected to occur include, but are not limited to, vegetative removal, placement of culverts, 

road prism excavation, hauling, leveling, surfacing and compacting in order to provide a functional road 

drainage system. It should be noted that construction of new permanent road miles are not analyzed as 

being a concern as system roads fall out of the productive land base.  

 

Both Alternatives 2 and 3 propose decommissioning approximately 5.9 miles of existing roads. Such 

activities would involve removal of culverts where stream channels exist, road closure barriers, out-

sloping the road surface, removing unstable materials such as seeps and slumps, water-bar or cross-drain 

installation and seeding disturbed sites. Under such activities, the past road prism would return to a 

productive land area for long-term future resource management.  

 

Alternatives 2 and 3 propose placing approximately 13.5 miles of undetermined roads to NFS roads.  

Alternative 2 proposes converting approximately 6.2 miles of undetermined roads to be decommissioned 

while Alternative 3 proposes converting approximately 6.5 miles of undetermined roads to be 

decommissioned.  

 

Alternative 2 proposes making approximately 1.8 miles of seasonally restricted road miles open yearlong 

while Alternative 3 is scheduled to open approximately 8.1 miles of seasonally restricted road miles.  
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Similarly, Alternative 2 proposes to reconstruct approximately 7.1 miles of stored roads to use and store 

after harvest activities have occurred while Alternative 3 proposes reconstruction of approximately 5.5 

miles of stored roads which would be stored following harvest activities. Proposed road reconstruction 

and maintenance under both Alternatives 2 and 3 may increase short-term sediment movement from road 

surface runoff but should be minimal, especially at road locations higher on the slope that are relatively 

low gradient and provide for sufficient buffer zones. Road reconstruction includes new culvert 

installation, blading, and brushing, and typically improves drainages and decreases erosion from water 

channeling down the road surface in the long-run (Table 3.38). Alternatives 2 and 3 both would involve 

approximately 30.3 miles of cost-share road use during harvest activities.  

 

Alternative 2 proposes converting approximately 36.6 miles of motorized trails to non-motorized access 

only while Alternative 3 proposes 26.9 miles of such activities. The conversion of motorized trails to non-

motorized trails involves those trails found to be no longer necessary for motorized access. Under 

Alternatives 2 and 3, it is expected that such activities would not include any direct physical impacts to 

soils but more directly deal with constructing barriers and placing signs at the beginning of current roads 

to prohibit vehicular traffic. In the long-term, soil infiltration rates and ground drainage capabilities would 

begin to improve as soils freeze and thaw, and plant root growth improves soil porosity.  
 

Table 3.38 - Road Treatments by Alternative with regards to Soils 4Disturbance 
 

ROAD MANAGEMENT ACTIVITIES  ALT 1  ALT 2  ALT 3  

Existing Stored Road 0 34.4 34.4 

Road Placed in Intermittent Storage 0 16.0 17.6 

New Permanent Road Construction 0 9.3 8.1 

New Temporary Road Construction 0 4.3 4.1 

Existing Road Proposed for Decommissioning 0 5.9 5.9 

Undetermined Roads to NFS Roads 0 13.5 13.5 

Undetermined Roads to be Decommissioned  0 6.2 6.5 

Stored Roads to Use and Store After  0 7.1 5.5 

Motorized Trails Converted to Non-Motorized Trails 0 36.6 26.9 

Seasonally Restricted Roads Made Available to Motorized Vehicles  0 1.8 8.1 

Miles of Cost Share Roads 0 29.72 29.72 

Total Miles 0 App. 176.5 App. 168.3 
 

TEMPORARY ROADS  

ALTERNATIVE 1 (NO -Action) 

Direct and Indirect and Cumulative Effects 

Alternative 1 has no temporary road construction and closure occurring. Therefore, temporary road 

management would have no cumulative effect on soils in the analysis areas because soil productivity 

effects are spatially static and productivity in one location does not affect productivity in another location.   

 

ALTERNATIVES 2 and 3 

Direct and Indirect Effects 

All new landings and temporary roads are considered 100% detrimentally disturbed through removal of 

organic matter and compaction. Related mitigation activity following timber harvest includes restoring 

temporary roads and landings needed to facilitate timber harvest after use. Indirect effects from the action 

alternatives include the temporary soil erosion related to the exposure of more mineral soil. Without a 

protective mat of vegetation and stable soil profile, these areas are more susceptible to the erosive forces 

of wind, water and the dynamic temperature changes (frost heaves) sometimes seen in and around the 

East Reservoir  analysis area. These localized effects are typically short-term (5-10 years) due to the 

warmer wet climate found on the KNF. Should Alternative 2 be selected approximately 4.3 miles or 

roughly 8.6 acre equivalent of temporary road would be constructed while Alternative 3 involves 

approximately 4.1 miles of temporary road (8.2 acre equivalent) disturbance (an average 2 ac/mi has been 



CHAPTER 3                                                                                                      EAST RESERVOIR PROJECT                                  

SOILS RESOURCES 
 

 

AFFECTED ENVIRONMENT & ENVIRONMENTAL CONSEQUENCES  

Page 93 of 410 

 

used to calculate DSD values). Tables 3.38 and 3.39 display information regarding which units would 

have temporary roads constructed in Alternatives 2 and 3. These potential soil disturbance values are also 

represented on a unit by unit basis in Table 3.37. 
 

Table 3.39 - Calculated DSD Related to Temp Road Construction  
 

TEMP RD # 

 

TEMP RD 

LENGTH (miles)  
UNIT ID*  

UNIT ACRES by 

 ALT 2/3 

ROAD DSD by  

UNIT (ac)  

ALT 2/3 

% DSD RELATED to  

TEMP ROAD by UNIT  

 ALT 2/3 

T5 0.2 17 68/68 0.4/0.4 <1/<1 

T6 0.4 22 83/83 0.8/0.8 1/1 

T14 0.1 318 131/0 0.2/0 <1/0  

T25 0.5 31 698/698 1.0/1.0 <1/<1 

T25 0.1 197 24/24 0.2/0.2 1/1  

T28 0.4 345 45/45 0.8/0.8 2/2 

T37 0.1 340 266/266 0.2/0.2 <1/<1  

T42 0.2 362 192/0 0.4/0 <1/0  

T43 0.3 362 192/0 0.6/0 <1/0  

T42 0.2 362B 0/40 0/0.4 0/1 

T43 0.3 362C 0/39 0/0.6 0/2 

T44 0.2 150 103/40 0.4/0.4 <1/1  

T45 0.3 49 64/64 0.6/0.6 1/1  

T53 0.4 148 77/40 0.8/0.8 1/2  

T54 0.2 344 73/64 0.4/0.4 1/1 

T55 0.3 343 100/93 0.6/0.6 <1/<1 

T57 0.3 23 146/146 0.6/0.6 <1/<1 

T58 0.2 179 76/0 0.4/0 1/0 

Sub-total (Alt 2)  4.3   8.6  

Sub-total (Alt 3)  4.1   8.2  
^Road length rounded to the nearest tenth of a mile. 

*Only those Units where new temporary road construction would be required are listed above. 

 

All temporary roads and landings constructed for the sale would be agreed upon by the FS and purchaser.  

These areas would be constructed and used in adherence to BMPs and RHCAs to minimize their impacts 

to soils. After use, these areas would receive the following rehabilitation treatments: the road or landing 

surface would be ripped to remedy compaction, the berm would be pulled back (on roads), woody debris 

would be spread to stabilize soil from movement and to provide organic material, and all disturbed areas 

would be seeded. Such activities would help to offset the harvest activities to soil productivity by 

allowing previously disturbed soils to re-establish as a productive area capable of producing future natural 

vegetative cover which in turn may one day be harvested again.   

 

FUELS TREATMENTS  

Due to the suppression of wildfires over the last century, fuels have accumulated in many areas 

throughout the analysis area. The intent of fuels treatments is to reduce fuel levels and meet vegetation 

management objectives. Table 3.40 displays the fuels treatment proposed with this project. 
 

Soils Table 3.40 - Types and Amount of Fuels Treatments by Alternative 
 

ACTIVIT Y ALT 1  ALT 2  ALT 3  

Timber Harvest/Grapple Pile 0 3,952 2,457 

Timber Harvest/Prescribed Fire 0 2,771 3,390 

Fuel Reduction/Prescribed Fire 0 1,378 1,309 

Mechanical Fuel Treatments  0 498 375 

Commercial Thin/Whole Tree Yarding  0 2,256 1,965 

Fuels and Wildlife Prescribed Fire  765 10,049 10,049 
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ACTIVIT Y ALT 1  ALT 2  ALT 3  

Precommercial Thin/Lop and Scatter 0 5,775 5,563 

Timber Harvest/Prescribed Fire on COE Lands 0 261 261 

Fuel Reduction/Prescribed Fire on COE Lands 0 137 137 

Fuel Reduction/Grapple Pile on COE Lands 0 23 23 

         
ALTERNATIVE 1 (No -Action)  

Direct, Indirect and Cumulative Effects 

Currently, as of the spring of 2013, approximately 170 acres of Unit FWF545 have already been burnt as 

part of the Forestwide Fuels EIS. Similarly, an additional 765 acres of Forestwide Fuels acres are planned 

to be burnt in proposed Units FWF545, FWF536, FWF52403 and FWF589 (Chapter 3, page 5). These 

acres would to be burnt even if Alternative 1 is the selected alternative. This activity would result in both 

a cumulative and indirect effect to soils. The potential direct effects include alteration of soil structure, 

impacts to soil invertebrates, reduced nitrogen and loss of soluble nutrients (Kuennen 2000). However, 

past experience with wildfires on KNF indicate that there is a very low risk of these effects even with 

high intensity fire. Alternative 1 does not propose any additional fuels treatments. The indirect effects 

would be an increased risk of damage to soils caused by high intensity wildfire resulting in a higher soil 

heating (Keane et al. 2002).  

 

ALTERNATIVES 2 and 3  

Direct and Indirect Effects 

Alternatives 2 and 3 include approximately 3,952 and 2,457 acres proposed grapple pile fuel abatement 

activities following both regeneration and intermediate harvest activities. Excavator (grapple pile) 

activities would only occur in areas which are feasibly reached by machinery along skid trails and/or 

clipper cut trails used during harvest activities in order to reduce impacts to soils. In Alternatives 2 and 3, 

approximately 2,771 and 3,390 acres of timber harvest activities would occur with prescribed fire 

treatments such as underburning, broadcast burning and jackpot burning activities with timber removal.   

Alternatives 2 and 3 propose a total of 1,378 and 1,309 acres of proposed fuel treatment units where no 

harvest activities will occur. Some of these units involve proposed mechanical fuel treatment activities 

such as mastication. Of the fuel treatment units, Alternative 2 proposes 498 acres of potential mastication 

while Alternative 3 proposes only 375 acres of such activities. Alternatives 2 and 3 propose 2,256 and 

1,965 acres of commercial thinning operations/whole tree yarding in order to remove potential fuel 

material overloading and improve the existing timber stand conditions. Such activities would involve 

heavy equipment activities along dominantly pre-existing skid trails. Activities such as grapple piling, 

mechanical fuel treatments and commercial thin are all expected to impact soils based on equipment 

activities in those units (Table 3.40).   

 

Approximately 10,049 acres of Fuels and Wildlife acres are proposed for treatment under both 

Alternatives 2 and 3. Such activities are anticipated to remove understory vegetative concerns and 

enhance wildlife habitat along with reducing the potential for a large natural fire to occur which may 

remove standing vigorous healthy tree stands. In both Alternatives 2 and 3, approximately 5,563 acres of 

precommercial thinning are proposed. Such activities would be completed by hand saw with slash hand 

pile, and/or lop and scatter thus would not involve heavy equipment. Both Alternatives 2 and 3 propose 

261 acres of proposed timber harvest along with prescribed fire on COE lands while Alternatives 2 and 3 

both recommend a fuel reduction by prescribed fires on COE lands that does not involve timber harvest 

activities. Finally, Alternatives 2 and 3 both propose grapple piling on COE lands to deal with fuel 

concerns. No harvest activities are to occur in these areas (Table 3.40). 

 

The burning prescriptions under Alternatives 2 and 3 were designed to provide only the fire intensity 

needed to achieve the vegetative management objectives. Direct effects resulting from underburning can 

result in soil heating and associated soil impacts such as loss of organic matter, impacts to soil organisms 

and creation of water repellency. The potential for these impacts are minimized because the burning 
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prescriptions for this project were designed for low to moderate fire intensity and would be implemented 

when soil moisture levels are high. Typically, burning is scheduled when the moisture in the lower duff 

layers is high enough so that the fire does not consume those layers, which insulate the soil from surface 

heating (DeBano 2000). Burn intensity would not reach the levels associated with nutrient loss through 

volatilization. Nutrients would be released from burned materials and made available for new vegetation.  

If temperatures are hot enough during prescribed burns Nitrogen (N) may be lost into the atmosphere 

(KNF 2001). If the soil is moist when burning occurs, much of the volatilized nitrogen would be retained 

in the soil. When soils have adequate moisture conditions to retain their biological, chemical and physical 

integrity, effects from the loss of forest floor can be minimized (Barnett 1989; Frandsen and Ryan 1985; 

Hungerford et al. 1991; McNabb and Cromack 1990). Prescribed pile burning could potentially remove 

woody debris that would otherwise provide nutrient to the soil as the decay process occurs (Page-

Dumroese et al. 2006). Hence, burning when soil moisture content is high helps to maintain both coarse 

woody debris requirements.   

 

Although a small portion of the nutrients would be lost through leaching, most of the nutrients would 

remain attached to or between the soil particles on-site. The re-introduction of fire in the analysis area is 

consistent with the ecological understanding of these forest types (Arno 1996). Positive impacts may 

result in a short-term (1 to 2 years) increase in plant-available nutrients (Choromanska and Deluca 2001; 

Hart et al. 2005; Certini 2005). Additionally, MacKenzie et al. (2006) found that light to moderate fire 

effects may maintain higher nutrient availability in the long-term with the positive influences from 

charcoal. Therefore, implementation of an action alternative containing post-harvest burns is not expected 

to adversely impact nutrient cycling in the analysis area. This is supported by Forest Soil Productivity 

Monitoring (refer to the Soil and Water Project File). 

 

NUTRIENT CYCL ING 

Forest ecosystems have evolved with a continual flux of coarse woody debris (CWD). Coarse woody 

debris is defined as woody material greater than 3.0 inches in diameter, and is derived from tree limbs, 

boles and roots in various stages of decay (Graham et al. 1994; Brown et al. 2003). CWD performs many 

physical, chemical and biological functions in the forest ecosystems. Physically, it protects the forest floor 

and mineral soil from erosion and mechanical disturbances. CWD disrupts airflow and provides shade, 

which insulates and protects new forest growth. In moist forest types, it can be a seedbed and nursery area 

for new conifer seedlings. CWD also has significant water holding capacity, making it an important 

source of moisture for vegetation during dry periods. This decaying woody debris provides nutrients, 

especially sulfur, phosphorus and nitrogen, necessary for new plant growth. CWD also hosts 

ectomycorrhize, micro-organisms that play an important role in the uptake of nutrients and water by 

woody plants (Graham et al. 1994).  
 

The importance of soil organic matter (duff layer) is indispensable to productivity and the ecological 

function of soils (Brady and Weil 2002). The organic component contains large reserve of nutrients and 

carbon, and typically contains the majority of microbial activity within the soil column. Forest soil 

organic matter influences many critical ecosystem processes such as formation of soil structure, which in 

turn influences soil water infiltration rates and soil water holding capacity. Soil organic matter is also the 

primary location of nutrient recycling and humus formation, which enhances soil cation exchange and 

overall soil fertility.  
 

Nitrogen (N) is the most limiting nutrient in forest ecosystems and is almost totally dependent on 

microbial action by way of both symbiotic and nonsymbiotic N fixation. Except where nitrogen fixing 

plants are abundantly present such as alder, most N acquisition in forests comes from non-symbiotic 

fixation that depends on organic matter (Harvey et al. 1989). Another group of microorganisms that 

depends on soil organic matter and is important to a coniferôs ability to acquire nutrients such as nitrogen 

is the ectomycorrhizae fungi associated with roots. Using ectomycorrhizae fungi as a bioindicator of 
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healthy productive forest soils, Graham et al. (1994) developed conservative recommendations for leaving 

CWD after timber harvesting to ensure organic matter will be left to maintain long-term soil productivity. 

 

ALTERNATIVE 1 (No -Action)  

Direct, Indirect and Cumulative Effects 

Alternative 1 does not propose any new management activities. Therefore, no direct, indirect or 

cumulative effects to nutrient cycling could result from Alternative 1. Nutrient cycling would continue at 

present rates until a natural disturbance occurs.   

 

ALTERNATIVES 2 and 3  

Direct and Indirect Effects 

A direct impact from management activities in Alternatives 2 and 3 would be the removal of woody 

material from proposed timber harvest units. The removal of all or most of the organic material (both duff 

layers and CWD) from a site can cause temporary nutrient deficits that may affect physical and biological 

soil conditions (Brady and Weil 2002; Graham et al. 1994; Brown et al. 2003). To avoid this, it is 

important to maintain both fine and CWD on managed sites, especially regeneration harvest units where 

most of the organic matter is removed (Graham et al. 1994; Brown et al. 2003). Allowing the 

accumulation and decomposition of a range of sizes of woody debris maintains both short-term and long-

term soil productivity. The different decomposition rates provide for the slow, continual release of 

nutrients. 

 

This project was designed to provide for a continuous supply of woody material based on 

recommendations from Graham et al. (1994) and Brown et al. (2003). In harvest stands where more of the 

overstory is being removed, each activity area has been assigned a habitat-specific retention level for 

CWD (Table 3.41). In both regeneration and stand improvement units with underburn, broadcast burn, or 

jackpot pile activities, post-harvest stands would remain fully stocked, which would provide for yearly 

nutrient inputs through litter fall (Brady and Weil 2002) and long-term CWD as a result of future blow-

down and decadence. Therefore, these units would meet the CWD requirements left on the ground 

following harvest activity. It should be noted that currently under the KNFP, the required CWD tons per 

acre to be retained only applies to regeneration harvest activities. In stand improvement units such as 

commercial thins future CWD is expected to result from natural events such as blow-over, root rot and 

beetle kill. 
 

Table 3.41 Recommended Levels of CWD (> 3ô diameter) for Timber Treatments Units 
 

FOREST TYPE VRU(S) TONS ACRE^ UNIT(S)*  

Warm Dry 1-3 5 to 20 

1A, 2, 3, 3C, 9, 10, 11, 16, 18, 19, 20, 21, 33, 34, 44, 45A, 45B, 46, 

54, 73T, 80, 81, 82, 141, 142, 143A, 158, 158A, 188S, 193, 195, 

214, 219, 220, 367, 367A, 368, 368A, 368B, 368C, and 368  

Warm Moist / 

Cool Moist 
4-11 10 to 30 

6, 7, 8, 12, 13, 14, 14A, 36, 39, 40, 41, 47, 51, 52A, 53, 59, 61, 62, 

62A, 62B, 64, 64A, 64B, 68, 69, 70, 70T, 71, 72, 74T, 75, 144S, 

144T, 147, 148, 149, 150, 151, 159A, 170, 185, 185N, 188, 190A, 

207, 208, 362, 362A, 362B, 362C, 363, 364, 365, 366, and 369  
*Some units may be listed under more than one Forest Type based on multiple habitat types being present in the unit.   
^It should be noted that the biophysical setting CWD values should be looked at as a local estimation and are dependent on local precipitation 

levels and vary across the KNF from north to south. 

 

Coarse wood provides micro-sites for microbial activity, retains carbon on-site, and moderates soil 

moisture (Graham et al. 1994; Brown et al. 2003). Alternatives 2 and 3 propose the removal of vegetation 

through timber harvest and burning. Soil productivity would be maintained through retention of CWD at 

levels recommended in Graham et al. (1994) and Brown et al. (2003). Maintaining CWD at the levels 

identified in these guidelines would ensure that both short-term and long-term soil productivity is 
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maintained. Therefore, implementation of either of the action alternatives is not expected to adversely 

impact nutrient cycling in the analysis area. 

 

Cumulative Effects 

Cumulative effects are the result of all the impacts that past, current and reasonably foreseeable activities 

have on a resource. A summary of activities are listed in Chapter 3 of the DEIS. The results of past 

activities have resulted in the ñExisting Conditionò described previously. The anticipated effects from 

proposed activities were then added to the existing condition and described in the section titled Analysis 

Methods, Detrimental Soil Disturbance. The sum of the existing condition (including past actions) and the 

direct and indirect effects of proposed actions combined with current and reasonably foreseeable actions 

result in the cumulative effects described in this section. 

 

The geographic bounds of analysis area for consideration of cumulative effects consist of the same 

activity areas analyzed used in existing condition, direct and indirect effects. This is appropriate because 

soil productivity is spatially static and productivity in one location does not affect productivity in another 

location. The activity areas are delineated as directed by FSM R-1 Supplement No. 2500-99-1.  

 

The temporal scale is dependent on the issue being addressed with no one scale being appropriate for all 

issues. The analysis may need to evaluate the effects of proposed management over all seasons for several 

days, years and even decades with regards to soils. This is complicated by data constraints that require 

constant monitoring to detect change ï though data is often insufficient to identify even trends or 

trajectories of change until the impact is large enough or has been occurring for some time. Furthermore, 

there is often a lag between some actions and the observed effect. This is particularly true for soils. This 

analysis strives toward an integrated approach to soil processes and function to project future trends in 

response to proposed management options to the best abilities. 

 

CURRENT VERSUS HISTORIC MANAGEMENT PRACTICES  

There are marked differences between past and current land management practices and policies. The 

evolution of land management practices is the result of science, technology, ongoing monitoring actions, 

and changing public values. The earliest harvest activities within the analysis area were completed by 

horse logging, railway, logging chutes, Shay locomotives and Holt tractors. Such activities involved 

harvesting the biggest, most valuable trees and leaving the other trees on-site. Logging systems were 

selected primarily by the least expensive method to transport trees from the forest to the mill. Tractor 

skidding was typically used and trails and landings were not minimized. Harvest on steeper slopes, at 

times, involved stair-step excavated trails (i.e. jammer roads).  In addition to harvest activities, fuel 

reduction and site preparation for natural regeneration or planting many times consisted of dozer piling.  

Many of these practices led to excess soil disturbance and increased the risk of erosion.   

 

Over the last 20 years, impacts to soil and water resources from logging activities have been significantly 

reduced because of BMPs, the Inland Native Fish Strategy (INFS), and changes in science, technology, 

etc. Based on research studies, current BMPs and INFS riparian habitat conservation areas (RHCAs) can 

reduce sediment delivery to streams compared with historical practices (Lee et al. 1997; USDA Forest 

Service 1995). Harvest methods and removal of timber products from the National Forest changed 

substantially over time. Modern timber harvest prescriptions and design emphasize desired conditions of 

the forest after timber harvest. This often results in the retention of various amounts of trees in a post-

harvest stand to address objectives that may include seed production, shelter for the site, watershed 

objectives, soil productivity, wildlife, and others. Elements of modern harvest prescriptions that address 

specific resource concerns include retention of snags and down wood for soil nutrition, minimizing the 

number of skid trails, and maintaining sediment filtering vegetation in riparian areas near lakes and 

streams. Jammer roads and dozer piling rarely occur.   

Forest BMPs currently incorporated into timber harvest activities include some of the following:   
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 Reduce impacts to sensitive soils based on season of operations or equipment use. 

 Use excavator for mechanized slash piling and fire line construction. 

 Operate equipment over a slash mat where feasible. 

 Limit logging to dry conditions (less than 18% soil moisture) or during winter when the ground is 

frozen. 

 Use existing skid trails and landings where feasible. 

 Avoid skidding on unstable slopes and slopes that exceed 40% unless not causing excessive erosion 

(State of Montana BMPS Section IV.B).  

 Units 2, 2B, 3, 7, 10, 13, 14, 15, 24, 26, 64, 70T, 73T, 74T, 80, 81, 159A, 183, 190, 190A, 194T, 196, 

305, 307, 311, 318, 319, 327, 328, 330, 331, 334, 335, 339, 340, 344, 345, 346, 347, 349, and 350 

require harvest operations in winter based on soil concerns. Similarly, winter tractor (WT) operations 

are recommended in Unit COE6 to avoid exceeding 15% DSD following harvest activities.   

 Provision C64 is recommended in those units where WT operations based on soil related issues are in 

place. 

 Rehabilitate, scarify, reseed and waterbar project areas deemed necessary upon completion. 

 Space skid trails 75 to 125 feet apart.  

 Ensure that enough coarse woody debris is left to sustain long term soil productivity while still 

meeting fuel reduction objectives. 

 Removal of slash to landing using whole tree yarding. 

 Using excavators instead of dozers for slash piling. 

 Reduce erosion and sedimentation through timber harvest unit design. 

 Excluding RHCAs from harvest and equipment entry. 

 Limit operations during high moisture conditions. 

 Determining the proper log retrieval system for the timber harvest unit slope to protect from 

degradation of water quality or soil productivity.  

 Light intensity burns following harvest operations. 

 

In 1995, the KNFP was amended to include INFS management direction (USDA Forest Service 1995).   

The implementation of INFS gave greater protection to soil and water resources in riparian areas adjacent 

to streams, lakes and wetlands. INFS gives riparian dependent resources priority over other resources in 

RHCAs. RHCAs are no ñlock outò zones, activities that occur in them either benefit the riparian area and 

associated aquatic features or, at a minimum, do not slow the rate of recovery within the riparian area.    

 

ONGOING and REASONABLY FORESEEABLE ACTIONS  

In the following discussion, the effects of past, current and/or reasonably foreseeable activities are 

considered cumulatively with activities proposed with this project. The effects were either described as 

not contributing effects, contributing indiscernible effects, or having measureable effects on water 

resources. 
 

Vegetation Management and Fuels Reduction Activities 

There is an estimated 910 acres of Forestwide Fuel units which have been slashed in preparation for 

underburning between 2013 and 2015. These three units (FWF545; FWF536 and FWF52403) have all 

been hand-slashed and would not involve heavy equipment activities. Additionally, there is an expected 

765 acres of proposed Forestwide Fuel acres which is likely to be treated should the no action 

(Alternative 1) be selected. These units include: FWF545; FWF536; FWF53404; and FWF589.  

Associated light, short-duration burning that does not consume the entire duff layer does not strongly 

affect soils. Duff acts as an insulator, protecting the soil from excessive heating.  As a result no impacts to 

soil conditions are expected to occur.   
 

It is expected that personal firewood collection would occur throughout the analysis area. Such activities 

would not create additional ground disturbance or remove enough vegetation to affect soil productivity 
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and therefore would not contribute additional effects to soil resources. 
 

State of Montana Department of Natural Resources and Conservation (DNRC) Harvest Activities  

The DNRC plans on completing approximately 198 acres of regeneration harvest operations over the next 

10 years of time. Such activities are planned to be mostly tractor operations. Some of the related soil 

disturbance activities expected to occur on DNRC lands would include soil compaction along skid trails, 

roads and firelines. Activities on state, Plum Creek Timber Company and DNRC lands would have no 

effect on soils in the analysis area because soil productivity effects are spatially static and productivity in 

one location does not affect productivity in another location. 
 

Blowdown Salvage 

It is expected that there would be salvage of blown-down trees within the analysis area. Treatment acres 

are not expected to exceed 20 acres per year over the next 10 years. If blowdown were to occur, proper 

analysis would be conducted for any potential harvest activities. As a result, related soil disturbance 

would be limited to existing trails, roads and firelines. Therefore, no additional detrimental soil 

disturbance is expected within the activity areas. Some of the salvage is likely to occur outside of the 

units treated under the selected alternative; therefore, any such impacts would not be additive activity 

areas analyzed in this decision. 
 

Precommercial Thinning 

An estimated 760 acres of precommercial thinning is anticipated to occur within the analysis area within 

the Cripple Horse and Canyon Creek drainages over the next five years. Ongoing and reasonably 

foreseeable precommercial thinning activities within the analysis area would contribute indiscernible 

effects to soils at the analysis area scale. This is because precommercial thinning is done by hand and 

there is no additional ground disturbance. In addition, trees removed during thinning projects are left on-

site which is beneficial to soils by reducing soil erosion and returning nutrients to the system over time. 
 

Christmas Tree Boughs 

Christmas trees/boughs can be harvested for individual use or commercially on NFS land. Each of these 

activities requires a permit. These activities are both current and reasonably foreseeable within the 

analysis area over the next ten years (approximately 200 acres). This activity does not create additional 

ground disturbance or remove enough vegetation to affect soil productivity and therefore would not 

contribute additional effects to soil resources. 
 

Noxious Weed Treatments 

The control of noxious weeds on NFS land is an ongoing activity that normally occurs within the summer 

months. The KNF Invasive Plant Management ROD (USDA 2007) provides direction for noxious weed 

control on the District. Noxious weed control is expected to continue over the next ten years. Most 

herbicide treatments are conducted along existing roads with very few treatments occurring in timber 

harvest units. 
 

Effects of noxious weed control were incorporated into the cumulative effects analysis through 

consideration of the effects disclosed in the Herbicide Weed Control EA, a review of the project database, 

and professional judgment and personal knowledge of noxious weed control. Approximately 183 acres of 

weeds were sprayed in the Cripple Planning Unit (Weeds Project File) in 2010. The findings of this 

assessment conclude that ongoing and reasonably foreseeable noxious weed control within the analysis 

area would cumulatively contribute indiscernible effects to the soils resource. The level of noxious weed 

control within the analysis area is not expected to increase much over the next ten years. All activities 

would follow approved application methods as analyzed in the KNF Invasive Plant Management ROD 

(2007); therefore no adverse cumulative effects would occur.  
 

Fire Suppression 

Fire suppression activities would occur as needed. Effects from wildfire suppression would vary with 

location and size of the fire; however suppression activities are expected to follow KNFP direction. Such 
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activities may include construction of firelines, safety zones and helispots by hand and equipment.  

Suppression of wildfires could have measurable effects to soils within the analysis area. These effects 

could include soil compaction, displacement and erosion. Due to the unpredictable nature of wildfires, 

cumulative effects from future wildfire suppression activities could not be meaningfully quantified in this 

document. 
 

Road Management 

Routine road maintenance is likely to occur as funds become available and would follow BMPs and INFS 

guidelines in order to minimize effects on soil resources. Existing BMPs would be maintained but not all 

needed BMPs would be accomplished (i.e. it would be unlikely that existing undersized culverts would be 

replaced due to funding concerns, and thus would remain at risk of future failure). Water and sediment 

delivery would continue to occur at problem locations and no road storage would take place under the No 

Action Alternative. When viewed from a cumulative effects input to soils such activities would result in 

such activities as contributing further cumulative effects to soil conditions when viewed at the individual 

timber harvest unit. 
 

Under Alternatives 2 and 3, an estimated 9.3 and 8.1 miles of permanent road are proposed to be 

constructed on NFS lands. Permanent road management is outside of the activity areas identified for soils 

analysis because the permanent road system and administrative sites do not count toward the 15% soil 

quality standard. Road management would have no cumulative effects on soils in the analysis areas 

because soil productivity effects are spatially static and productivity in one location does not affect 

productivity in another location. 
 

Recreation Maintenance  

Routine maintenance would occur on non-motorized trails in the analysis area as funds become available 

to do such work. Maintenance may include brushing; removing blowdown, debris and hazard trees; 

repairing or adding waterbars; repairing treads; repairing or replacing signs; and improving vistas. All 

such activities involve hand-work and would not include heavy equipment. As a result, routine trail 

maintenance would have no effect on soils in the activity areas identified. Administrative sites do not 

count toward the 15% standard. In addition, the trails are individually small, scattered across many 

watersheds, and not all work would occur in the same year. 
 

Outfitter and Guide Activities  

There is one outfitter permit in the analysis area. This activity would have no effect on soils within the 

analysis area. This conclusion is based on the limited amount of activity in the past. If camps are proposed 

and approved, the outfitter is allowed only two motorized trips per camper year behind gates, one each 

season to move in and set up compass and the other to move out. Activities moving in and out of such 

camps are restricted to horses and trails. Therefore, disturbance is not expected to cumulatively affect soil 

conditions. 
 

Other special use permits include road access to private property, water lines and gravel pit. Such 

activities would not add detrimental disturbance to the amounts listed in Table 3.37. The level of special 

uses within the analysis area is not expected to change much over the next ten years. 
 

Utility Lines  

No additional utility lines are proposed for construction. Therefore, disturbance associated with utility 

lines would not count towards the 15% standard individually or within proposed timber harvest units. 
 

Mineral Activities  

There are ten gravel pits within the East Reservoir analysis area. Only three of the ten pits are currently 

active and still contain materials. Activities on such land areas are not considered a part of the soils 

resource to analyze for disturbance values and no additional gravel pits are proposed for construction.  

Therefore, disturbance associated with gravel pits would not count towards the 15% standard individually 

or within proposed timber harvest units. 
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Public Uses  

Recreational use of the analysis area includes hiking, camping, fishing, hunting, photography, small forest 

product gathering (berries, mushrooms, cones, and boughs), Christmas tree cutting, firewood gathering, 

driving for pleasure, mountain biking, sightseeing, wildlife viewing, cross-country skiing, snowshoeing, 

trapping and snowmobiling. These activities are expected to continue over the next ten years. Because of 

increasing numbers of people moving into the local communities, it is expected that some of these activity 

levels would increase. Recreational activities would contribute indiscernible effects to soils. This is based 

on the fact that these activities are individually small and scattered across many watersheds.  
 

Special Use Permits 

There are ten special use authorizations within the East Reservoir analysis area. Such authorizations 

consist of authorized roads right-of-ways, water developments and utility corridors. Most road use 

permits are short segment roads that were built to access private land/residences from major NFS roads.  

Water developments normally consist of spring developments and water transmission lines crossing NFS 

lands in need of domestic potable and non-potable waters. Electric and telephone utility corridors are 

usually buried in road right-of-ways adjacent to NFS roads. As a result, all such activities would not be 

counted towards the 15% DSD and have no impacts on cumulative effects. 
 

Marina  

Marina authorization includes access to the Kootenai Lake water body and NFS lands and is also 

associated with lodging, guiding, sales, etc. The Koocanusa Marina plans to expand its camping sites 

during 2012-2013. This expansion includes 33 new seasonal RV camping sites, a new septic system and 

new well. Such activities may also relate to chip sealing approximately 0.9 miles of the access road.  

There would be selective tree and vegetative removal which is already associated with proposed Unit 183.  

Should this occur, there would be potential soil impacts associated with equipment operations in that area.  

It is expected that such operations would be very site-specific and benefit timber stands by removal of 

future potential fire and beetle concerns in the East Reservoir Planning Area. 
 

OHV Use 

Off-highway vehicle (OHV) use was left off the list of reasonably, foreseeable future activities as 

determined under USDA 2001 because it is currently limited only to existing trails and open roads (OHV 

Record of Decision and Plan Amendment for Montana, North Dakota, and Portions of South Dakota, 

2001). Therefore, no additional disturbance is expected from OHV use because soil productivity effects 

are spatially static and productivity in one location does not affect productivity in another location. 
 

Private Property 

Activities on private lands would continue especially within the lower Warland Creek drainage basin. 

Such activities would include commercial timber harvest, land clearing, home construction, road 

construction, septic field installation, water well drilling, livestock grazing and stabilization of migrating 

stream banks. Activities on private lands would have no effect on soils in the analysis area because soil 

productivity effects are spatially static and productivity in one location does not affect productivity in 

another location.   
 

Grazing 

There are four grazing allotments in the project area. They are Fivemile, Warland, Cripple Horse and 

Canyon Creek. The Cripple Horse and Canyon Creek have been closed through the administrative closure 

process due to declining transitory range, lack of demand and riparian area concerns. Both Cripple Horse 

and Canyon Creek have been inactive for ten years. Fivemile is an active allotment that supports 17 

cow/calf pair with a grazing season of June 1 to October 15. Much of the grazing is on private lands 

owned by the permit holder along Fivemile Creek and upland areas adjacent to Blue Sky Road #6271.  

The Warland Creek Allotment has been inactive for 6 years. It would be maintained as a potential grazing 

in the foreseeable future. 

Only livestock grazing was determined to contribute cumulative effects. Livestock grazing and associated 
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activities are expected to continue in the analysis area through the operating period of 10 years. Cattle 

tend to use existing skid trails and are not expected to increase soil compaction in activity areas by more 

than two percent (Kuennen 2003). Those units located within the Fivemile allotment that are more likely 

to be impacted by grazing include the following, F1, F1OG, F2, 143A, 144S, 144T, 147, 148, 149, 150 

and 311. Those units located within the Warland Creek Allotment that are more likely to be impacted by 

grazing include the following, 9, 10, 11, 9, 10, 11, 12, 13, 14, 14A, 49, 51, 52A, 53, 54, 158, 159A, 306, 

307, 348 and 350. Of these units, none are expected to cumulatively exceed the 15% DSD value. As a 

result, grazing in combination with the effects of prior management and the proposed activities is not 

expected to exceed the threshold of 15% for detrimental soil disturbance in the activity area (Table 3.37).   

 

CONSISTENCY with  REGULATORY FRAMEWORK  
State and Federal Laws and Regulations 

The National Forest Management Act (NFMA) requires that all lands be managed to ensure maintenance 

of long-term soil productivity, hydrologic function and ecosystem health. All activities proposed are 

consistent with this direction. Having a fully stocked stand left on-site to contribute needle-cast and/or 

trending toward the CWD guidelines contained in Graham et al. (1994) and Brown et al. (2003) would 

assure long-term soil productivity. All activity areas would remain below 15% detrimentally disturbed 

soils, RHCAs would be delineated where appropriate, design criteria would be followed, and all 

applicable BMPs would be implemented. 

 

FOREST PLAN DIRECTION  

The KNFP states that project plans for activities requiring the use of ground-based equipment will 

establish standards for the area allocated to skid trails, landings, temporary roads, or similar areas of 

concentrated equipment use (USDA Forest Service 1987a). FSM 2500-99-1 establishes guidelines that 

limit detrimental soil disturbance to no more than 15% of an activity area. KNFP soil productivity 

monitoring results were reviewed throughout this project (Kuennen 2007b; Kuennen 2003; USDA Forest 

Service 2003; and USDA Forest Service 1998). The five-year results from 1992ï1997 found less than one 

percent of the acres surveyed were above the 15% threshold, with 77% of surveyed areas having less than 

10% detrimental disturbance. Between 1998ï2005, none of the areas surveyed were above the threshold. 

 

Kuennen (2003; 2007c; Kuennen 2007e) compiled all monitoring data to date, which was used as the 

basis for soils analysis and specifying design criteria for this project. All management activities would 

follow the BMPs outlined in Soil and Water Project Files and would be consistent with KNFP Standards. 

The 2011 KNF Monitoring Summary (USDA Forest Service 2011b) states that monitoring between 1991 

and 2011 shows that 95 percent of the BMPs implemented during that time were effective.  In 2012 the 

KNF remonitored 57 timber sales which involved 118 timber sale units and 3,338 timber harvest acres.  

Data was collected along 222 transects and 47,042 data points in harvest areas which had been previously 

monitored for soil disturbance (1992-2006). All units were resampled at a 95% confidence level (Gier et 

al. 2013).    

 

The proposed project is consistent with the goals, objectives, and standards for soil and water resources 

set forth in the KNFP because project design criteria and BMPs have been included to protect soil and 

water resources. The BMPs include Soil and Water Conservation Practices at a minimum to control non-

point source pollution and protect soil and water resources from permanent damage. All proposed 

treatment units where harvest equipment may disturb soil conditions were field reviewed. 
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FISHERIES and AQUATIC SPECIES RESOURCES INTRODUCTION  

INTRODUCTION  
This analysis section discloses the potential effects to fish, amphibians, and mollusks and their habitats 

from implementing the action alternatives. This discussion includes the no-action alternative for 

comparison with the action alternatives.  

 

REGULATORY FRAMEWORK  
Clean Water Act 

Cripple Horse Creek is a Water Quality Limited Segment (WQLS) (see Water Resources section). 

Probable causes include sedimentation and siltation. The water quality limited listing includes all 

upstream tributaries to the listed segment. Therefore, the entire Cripple Horse Creek drainage is 

considered part of the WQLS.  

 

Endangered Species Act 

The Endangered Species Act (ESA) of 1973 declares that "...all Federal departments and agencies shall 

seek to conserve endangered species and threatened species and shall utilize their authorities in 

furtherance of the purposes of this Act." Under the Act, Federal agencies must consult with the Secretary 

of the Interior whenever an action authorized by such agency is likely to affect a species listed as 

threatened or endangered. Bull trout and white sturgeon are currently the only two listed fish species on 

the Kootenai National Forest (KNF) as threatened and endangered, respectively, under the ESA.   

 

Executive Order 

Executive Order 12962 mandates disclosure of effects to recreational fishing. 

 

Kootenai National Forest Plan 

The Inland Native Fish Strategy (INFS) amended the 1987 Kootenai National Forest Plan (KNFP) in 

1995 (USDA Forest Service 1995). INFS establishes stream, wetland and landslide-prone area protection 

zones called Riparian Habitat Conservation Areas (RHCAs) setting standards and guidelines for 

managing activities that potentially affect conditions within the RHCAs. Widths of RHCA buffers are 

based on current scientific literature that documents them to be adequate to protect streams from non-

channelized sediment inputs and provide for other riparian functions. These riparian functions include 

delivery of organic matter, large woody debris (LWD) recruitment and stream shading. INFS also 

established riparian management objectives (RMOs) that provide guidance with respect to key habitat 

variables (Table 3.42). RMOs as established by INFS as standards for forested systems include pool 

frequency, LWD, temperature, and width/depth ratio (W/D). Actions that retard attainment of these 

RMOs, whether existing conditions are better or worse than objective values, are inconsistent with INFS. 
 

Table 3.42 - INFS RHCA Buffer Widths  
 

RHCA DEFAULT BUFFER WIDTHS  

FLOW REGIME  DESCRIPTION INFS INFS RHCA WIDTH  

Perennial Perennial Fish Bearing Stream 1 
300 feet on each side unless 

extended by ERV or slope 

Perennial Perennial Non-Fish Bearing Stream 2 
150 feet on each side unless 

extended by ERV or slope 

Wetlands Lakes, Ponds, and Wetlands > 1 acre 3 
150 feet on each side unless 

extended by ERV or slope 

Intermittent/Ephemeral  

& Wetlands 

Intermittent/Ephemeral Non-Fish  

Bearing Stream & Wetlands < 1 acre 
4 

50 or 100* feet on each side unless 

extended by ERV or slope 
The RHCA buffer represented in the chart is for single side of the stream channel. The total length of the buffer would be 2X the listed value. 

ERV = Edge of Riparian Vegetation                                               Priority watersheds have a 100 feet RHCA for Class 4 

 

ANALYSIS AREA  
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Potentially affected watersheds in the analysis area include Lake Koocanusa and the Kootenai River, 

Dunn Creek, Canyon Creek, Cripple Horse Creek, Warland Creek, Five Mile Creek and tributary streams 

to these drainages. The project area can be viewed on Map 1 in Chapter 2 at a watershed scale. 

 

ANALYSIS METHODS  
Existing conditions were determined through field surveys and review of data sources to develop effects 

analysis for fisheries resources in project area watersheds. Effects to fish populations were assessed based 

on effects to habitat. This analysis was done to the nearest point of effect for all threatened, endangered 

and sensitive species.  

 

AFFECTED ENVIRONMENT  
Sensitive species are managed under the authority of the National Forest Management Act (NFMA) and 

are administratively designated by the Regional Forester (FSM 2670.5, Tidwell 2008). Threatened and 

Endangered species (TES) are under the jurisdiction of the United States Fish and Wildlife Service (FWS) 

under the authority of Section 7 of the Endangered Species Act. The Forest Service (FS) is directed to 

maintain viable populations of native species and to avoid actions that may trend towards a species 

becoming threatened or endangered. Threatened, endangered, and sensitive fish species identified to exist 

on the KNF are displayed in Table 3.43. The table includes presence and/or absence of species in the 

analysis area. 

Table 3.43 ï TES Fish Presence in the Analysis Area 
 

STATUS SPECIES 

PRESENCE in ANALYSIS AREA or  

DOWNSTREAM RECEIVING 

WATERS 

Threatened Bull Trout (Salvelinus confluentus) Known from Lake Koocanusa 

Endangered White Sturgeon (Acipenser transmontanus) Found only below Kootenai Falls 

Sensitive Westslope Cutthroat Trout (Oncorhynchus clarki lewisi) Known 

Sensitive Western Pearlshell Mussel  (Margaritifera Falcata) Known 
 

Data Sources, Methods and Assumption 

Libby Ranger District records and the Montana Fisheries Information System (MFISH) were reviewed to 

determine current known fish and amphibian distribution in the analysis area. Fisheries surveys conducted 

in the past found trout distributed in Dunn Creek, throughout Cripple Horse Creek, and lower Fivemile. 

Warland Creek and upper Fivemile Creek have limited fisheries due to their intermittent nature. The 

results of genetic analysis in streams above Libby Dam showed that fish where highly hybridized with 

non-native rainbows. A genetic sample from Dunn Creek was completed in 2010. The results of this 

sample showed that cutthroat were 98% pure westslope and were hybridized with rainbow trout. The 

sample site was located in upper Dunn Creek above a known natural fish barrier in the drainage. Due to 

this genetic testing, westslope cutthroat from this segment of Dunn Creek will be considered pure strain 

for this document. Brook trout also populate the streams making up most the fish within Fivemile Creek 

and Cripple Horse Creek above the falls. Non-native rainbows are known from project area streams as 

well.   

 

There are three known natural barriers on the mainstems of Canyon Creek (Photo1), Dunn Creek and 

Cripple Horse Creek (Photo2). The barriers on Cripple Horse Creek and Canyon Creek are large 

waterfalls with roughly 10 and 20 foot drops respectively. There are no fish above the falls in Canyon 

Creek and only brook trout are known above the falls in Cripple Horse Creek. The barrier on Dunn Creek 

is a steep intermittent segment of stream channel. There are three known culvert barriers in the project 

area. Dunn Creek (Photo 3) and Canyon Creek (Photo 4) both have large barrier culverts where US HWY 

37 crosses. These large structures are barriers to fisheries migration into the drainages. A third structure is 

known from Warland Creek where NFS road 566 crosses the stream (Photo 5).     

Photo 1 - Canyon Creek Falls 
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Photo 2 - Cripple Horse Creek Falls 

 
 

Photo 3 - Fish Barrier on Dunn Creek HWY 37 


